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(54)  Recording  apparatus  and  a  method  of  forming  driving  data. 

(57)  In  a  recording  apparatus,  two-level  halftoning  processing  of  input  image  data  (l"xy,r(xk,yk)),  is 
performed  in  such  a  manner  that  the  input  image  data  (l'xy,l'(xk,yk))  is  compared  by  a  comparator  (104) 
with  a  threshold  value  stored  in  a  threshold  memory  (105,125),  and  the  results  (Pxy)  of  the  comparison  is 
stored  as  driving  data  in  nozzle  memories  (112)  corresponding  to  a  recording  element,  respectively. 
This  two-level  halftoning  processing  is  performed  (n-1)  times,  thereby  n-level  halftoning  processing  of 
the  input  image  data  (l"xy,l'(xk,yk))  is  performed. 
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The  present  invention  relates  to  a  recording  apparatus  and  a  method  of  forming  driving  data  for  recording 
elements  used  in  recording  thereof,  which  are  used  in  word  processors,  copy  machines,  facsimiles  and  so  on, 
and  used  in  a  printer  connected  to  a  host  computer  for  outputting  information  from  host  computer,  and  more 
particularly  to  a  recording  apparatus  and  a  method  of  forming  driving  data  used  therefor  using  a  serial  type  of 
recording  head. 

Characters  and  visualized  images  recorded  on  recording  media  such  as  recording  sheets  are  digitized  im- 
5  ages  generally  formed  by  a  set  of  pixels,  each  of  which  has  individual  density  level  (gray  level)  data.  Each  pixel 

is  composed  of  a  dot  formed  on  the  recording  media  by  the  recording  head.  As  for  recording  heads  for  forming 
dots,  a  thermal  transfer  method  and  an  ink  jet  recording  method  are  widely  known.  Among  them,  an  ink  jet  re- 
cording  method  has  been  widely  used  in  recent  years  and  it  has  many  advantages  in  enabling  relatively  high 
fine-pitched  dot  formation  and  high  speed  recording. 

10  In  expressing  gray  scale  of  recorded  images  with  several  density  levels,  a  dot  density  is  assigned  to  each 
pixel  according  to  these  density  level  data,  and  the  dot  pattern  for  each  pixel  is  determined  in  accordance  with 
the  dot  density.  Definition  forms  of  the  dot  patterns  are  categorized  into  two  groups,  one  refers  to  a  method 
that  a  plurality  of  dots  are  placed  in  an  identical  position  in  responsive  to  the  dot  density,  and  the  other  refers 
to  a  method  that  a  designated  dot  pattern  is  developed  with  a  plurality  of  dots  in  responsive  to  the  dot  density. 

15  Even  though  the  dot  pattern  of  each  pixel  has  any  patterns,  it  is  necessary  to  determine  driving  data  for 
driving  recording  elements  of  the  recording  head  so  as  to  form  those  dot  patterns.  In  general,  the  driving  data 
can  be  obtained  as  described  hereinafter. 

For  example,  performed  are  various  processing  such  as  y  (Gamma)  -  correction,  color  correction,  or  un- 
dercoat  eliminating  processing  as  well  as  a  multi-level  halftoning  (gray  scale)  processing  (pseudo-halftoning 

20  process)  corresponding  to  the  number  of  dots  which  form  each  pixel.  For  this  processing,  such  as  an  error  dif- 
fusion  method,  a  dither  method,  etc  are  known  in  the  art. 

Referring  to  Figs.  1  and  2,  an  example  of  conventional  multi-level  halftoning  processing  using  the  error  dif- 
fusion  method  will  be  explained. 

In  Fig.  1,  reference  numeral  1001  denotes  a  specified  pixel  in  which  the  multi-level  halftoning  processing 
25  is  to  be  performed,  and  it  has  data  l(x,y).  Where  l(x,y)  is  the  product  of  original  8-bit  density  level  data  (repre- 

senting  levels  between  0  to  255)  of  the  specified  pixel  (x,y)  and  an  error  produced  by  the  multi-level  halftoning 
processing  in  the  pixel  in  which  the  multi-level  halftoning  processing  has  been  already  performed.  Numerals 
1002  to  1008  denote  pixels  in  which  the  multi-level  halftoning  processings  have  already  been  performed,  and 
these  pixels  are  surrounding  pixels  of  the  specified  pixel.  Each  of  constants  a  to  g  inside  these  pixels  represents 

30  a  multi-level  value  which  is  obtained  by  performing  the  multi-level  halftoning  processing.  For  example,  in  the 
case  that  a  five-level  halftoning  processing  is  carried  out,  the  five-level  values  a  to  g  are  integers  among  0  to 
4.  Fig.  2  represents  constants  A  to  G  for  weighting  the  respective  pixels  in  each  of  which  the  five-level  halftoning 
processing  has  been  performed.  These  constants  are  used  to  determine  a  threshold  level  for  the  five-level  half- 
toning  processing. 

35  Firstly,  mean  density  of  the  surrounding  pixels  is  calculated  by  using  the  five-level  data  a  to  g  of  the  pixels 
1002  to  1008  which  are  the  surrounding  pixels  of  the  specified  pixel  and  in  each  of  which  the  five-level  hatftoning 
possessing  has  already  been  performed,  and  weighted  data  A  to  G.  More  concretely,  the  mean  density  MV 
can  be  calculated  by  the  following  equation. 

MV  =  a * A + b * B   +  c * c   +  d * D   +  e * E   +  f * F   +  g * G  
40  Next,  a  threshold  value  for  the  five-level  halftoning  processing  of  the  specified  pixel  is  obtained  by  means 

of  adding  the  mean  density  MV  to  each  of  predetermined  threshold  data  stored  in  a  memory,  and  then,  this 
threshold  value  is  compared  with  the  density  level  data  I  (x,y)  so  that  multiple-valued  data  P  of  the  specified 
pixel  is  obtained  as  follows. 

If  MV  +  T  >  I  (x,y)  then  P  =  0. 
45  If  MV  +  T  ==  I  (x,y)  <  S1  +  MV  +  T,  then  P  =  1. 

If  S1  +  MV  +  T  ==  I  (x,y)  <  S2  +  MV  +  T,  then  P  =  2. 
If  S2  +  MV  +  T  ==  I  (x,y)  <  S3  +  MV  +  T,  then  P  =  3. 
If  S3  +  MV  +  T  ==  I  (x,y),  then  P  =  4. 
[Where  T  =  (S3  -  S2)/2  =  (S2  -  S1)/2] 

so  Next,  an  error  produced  when  the  five-level  halftoning  processing  of  the  density  level  data  l(x,y)  is  per- 
formed,  can  be  given  as, 

ERROR  =  p  *  S1  +  MV  +  T  -  l(x,y) 
The  ERROR  is  distributed  at  a  certain  predetermined  rate  to  several  pixels  which  are  the  surrounding  pixels 

and  in  each  of  which  the  five-level  halftoning  processing  has  not  yet  been  performed. 
55  The  five-level  value  of  each  pixel  can  be  obtained  by  carrying  out  in  order  the  processing  described  here- 

inabove  on  each  pixel,  wherein  the  five-level  value  corresponds  to  the  number  of  dots  of  each  pixel  as  men- 
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tioned  above. 
Known  in  the  art  are  many  kinds  of  method  of  forming  the  plurality  of  dots  which  construct  each  pixel,  on 

a  recording  media.  For  example,  in  an  ink  jet  system,  a  multiple-droplet  system  is  well  known  in  the  art,  in  which 
a  single  dot  is  formed  in  appearance  by  causing  a  plurality  of  ink-droplets  to  be  projected  substantially  on  an 

5  identical  position  of  the  recording  media.  Also  known  in  the  art  is  a  recording  method  for  separating  one  pixel 
into  a  plurality  of  segments  and  forming  dots  on  each  segment  in  correspondence  with  the  density  level  data 
of  the  pixel. 

However,  both  of  them  are  constructed  such  that  a  plurality  of  dots  of  one  pixel  are  formed  by  a  single  re- 
cording  element.  For  example,  in  an  ink  jet  system,  the  plurality  of  dots  are  formed  by  each  of  ink-droplets  eject- 

10  ed  from  one  ink  orifice  (ink  jet  nozzle).  In  such  a  system,  when  the  ejected  ink-droplets  measure  varies,  the 
densities  of  pixels  become  different  from  each  other.  Thus,  the  deterioration  in  quality  of  picture  arises  in  the 
cause  of  multitude  of  different  shades  (lighter  and  darker  variations)  appeared  in  a  recorded  image.  To  solve 
such  a  problem,  an  improved  system  was  proposed  by  the  assignee  of  the  present  invention.  In  the  system 
one  pixel  is  composed  of  a  plurality  of  dots  and  each  of  these  dots  are  formed  by  the  respective  different  re- 

15  cording  element.  In  case  that  the  improved  system  and  the  conventional  pseudo-halftoning  processing  are  com- 
bined  with  each  other,  it  is  further  necessary  to  assign  each  of  recording  elements  to  the  multi-level  value  data 
of  each  pixel  obtained  by  the  pseudo-halftoning  processing. 

The  inventors  of  the  present  invention  directed  their  attention  to  the  fact  that  the  data  which  are  assigned 
to  recording  elements  and  are  called  the  driving  data  are  binary  data  having  value  "0"  or  "1",  and  thought  out 

20  that  the  processing  for  generating  the  driving  data  and  assigning  them  to  the  recording  elements  was  performed 
simultaneously  with  the  comparing  processing  with  the  threshold  level  in  the  pseudo-halftoning  processing. 

An  object  of  the  present  invention  is,  therefore,  to  provide  more  improved  method  of  forming  driving  data. 
In  the  method  the  number  of  processing  steps  in  the  pseudo-halftoning  processing  and  that  in  a  processing 
for  assigning  driving  data  to  each  recording  element  on  the  basis  of  the  pseudo-halftoning  processing  can  be 

25  decreased,  as  a  result,  the  loads  on  hardware  and/or  software  can  be  reduced. 
In  the  first  aspect  of  the  present  invention,  a  recording  apparatus  for  recording  an  image  with  a  set  of  pixels 

composed  of  a  dot  formed  to  a  recording  medium,  comprises: 
a  recording  head  having  a  plurality  of  recording  elements; 
a  driving  means  for  driving  the  plurality  of  recording  elements  of  the  recording  head  in  accordance  with 

30  driving  data  so  as  to  form  the  dots;  and 
an  n-level  halftoning  processing  means  (n-1  =  the  number  of  the  driving  data  for  forming  the  dots  com- 

posing  the  pixel)  for  converting  an  input  image  data  into  the  driving  data  of  each  of  the  pixels  in  such  a  manner 
that  a  two-level  halftoning  processing  of  the  input  image  data  is  performed  (n-1)  times,  and  the  each  result  of 
the  (n-l)times  two-level  halftoning  processings  is  assigned  as  the  driving  data  to  one  of  the  plurality  of  recording 

35  elements  by  each  of  the  (n-1)  times  two-level  halftoning  processings. 
Here,  the  two-level  halftoning  processing  may  be  performed  in  corresponding  with  each  of  (n-1)  recording 

elements  used  for  forming  the  dots  composing  the  pixels. 
The  two-level  halftoning  processing  may  be  performed  in  correspondence  with  each  of  (n-1)  dots  compos- 

ing  the  pixels. 
40  The  two-level  halftoning  processing  may  be  performed  in  correspondence  with  each  of  pseudo-pixels  made 

by  dividing  the  pixel  into  (n-1)  pixels. 
An  error  produced  by  the  two-level  halftoning  processing  may  be  distributed  to  other  pseudo-pixels. 
The  pixel  may  be  composed  of  the  plurality  of  dots,  and  each  of  the  plurality  of  dots  may  be  formed  by 

different  recording  element  during  respective  scanning  of  the  recording  head. 
45  The  recording  element  of  the  recording  head  may  include  an  orifice  for  ejecting  ink,  and  means  for  gener- 

ating  heat  energy  utilized  for  ejection  of  ink  from  the  orifice,  whereby  a  bubble  is  generated  by  the  heat  energy, 
the  ink  is  ejected  from  the  orifice  according  to  the  generation  of  the  bubble,  and  the  dots  are  formed  by  the 
ejected  ink. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
50  quentially  selected. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
lected  at  random. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
lected  according  to  a  position  of  the  pixel  on  the  image. 

55  The  pixel  may  be  composed  of  the  plurality  of  dots,  and  each  of  the  plurality  of  dots  may  be  formed  by 
different  recording  element  during  respective  scanning  of  the  recording  head. 

The  recording  elements  of  the  recording  head  may  include  an  orifice  for  ejecting  ink,  and  means  for  gen- 
erating  heat  energy  utilized  for  ejection  of  ink  from  the  orifice,  whereby  a  bubble  is  generated  by  the  heat  energy, 
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the  ink  is  ejected  from  the  orifice  according  to  the  generation  of  the  bubble,  and  the  dots  are  formed  by  the 
ejected  ink. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
quentially  selected. 

5  The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
lected  at  random. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
lected  according  to  a  position  of  the  pixel  on  the  image. 

In  the  second  aspect  of  the  present  invention,  a  method  of  forming  driving  data  for  a  recording  apparatus 
10  which  uses  a  recording  head  having  a  plurality  of  recording  elements  and  in  which  the  recording  elements  is 

driven  according  to  the  driving  data  to  form  dots  to  a  recording  medium  so  that  an  image  is  recorded  with  a  set 
of  pixels  composed  of  the  dots,  the  method  comprises  the  steps  of: 

performing  a  two-level  halftoning  processing  of  an  input  image  data,  a  result  of  the  two-level  halftoning 
processing  being  assigned  as  the  driving  data  to  one  of  the  plurality  of  recording  elements  by  the  two-level 

15  halftoning  processing;  and 
repeating  the  two-level  halftoning  processing  (n-1)  times  (n-1  =the  number  of  the  driving  data  for  forming 

the  dots  composing  the  pixel)  so  that  n-level  halftoning  processing  is  performed  and  the  input  image  data  is 
converted  into  the  driving  data  of  each  of  the  pixels. 

Here,  the  two-level  halftoning  processing  may  be  performed  in  corresponding  with  each  of  (n-1)  recording 
20  elements  used  for  forming  the  dots  composing  the  pixels. 

The  two-level  halftoning  processing  may  be  performed  in  correspondence  with  each  of  (n-1)  dots  compos- 
ing  the  pixels. 

The  two-level  halftoning  processing  may  be  performed  in  correspondence  with  each  of  pseudo-pixels  made 
by  dividing  the  pixel  into  (n-1)  pixels. 

25  An  error  produced  by  the  two-level  halftoning  processing  may  be  distributed  to  other  pseudo-pixels. 
The  pixel  may  be  composed  of  the  plurality  of  dots,  and  each  of  the  plurality  of  dots  may  be  formed  by 

different  recording  element  during  respective  scanning  of  the  recording  head. 
The  recording  element  of  the  recording  head  may  include  an  orifice  for  ejecting  ink,  and  means  for  gener- 

ating  heat  energy  utilized  for  ejection  of  ink  from  the  orifice,  whereby  a  bubble  is  generated  by  the  heat  energy, 
30  the  ink  is  ejected  from  the  orifice  according  to  the  generation  of  the  bubble,  and  the  dots  are  formed  by  the 

ejected  ink. 
The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 

quentially  selected. 
The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 

35  lected  at  random. 
The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 

lected  according  to  a  position  of  the  pixel. 
The  pixel  may  be  composed  of  the  plurality  of  dots,  and  each  of  the  plurality  of  dots  may  be  formed  by 

different  recording  element  during  respective  scanning  of  the  recording  head. 
40  The  recording  element  of  the  recording  head  may  include  an  orifice  for  ejecting  ink,  and  means  for  gener- 

ating  heat  energy  utilized  for  ejection  of  ink  from  the  orifice,  whereby  a  bubble  is  generated  by  the  heat  energy, 
the  ink  is  ejected  from  the  orifice  according  to  the  generation  of  the  bubble,  and  the  dots  are  formed  by  the 
ejected  ink. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
45  quentially  selected. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
lected  at  random. 

The  recording  elements  to  which  the  result  of  the  two-level  halftoning  processing  is  assigned  may  be  se- 
lected  according  to  a  position  of  the  pixel  on  the  image. 

so  Fig.  1  shows  a  schematic  illustration  for  illustrating  a  pseudo-halftoning  processing  of  error  diffusion  in  the 
conventional  five-level  halftoning  processing; 
Fig.  2  is  a  schematic  illustration  of  a  weighting  mask  for  use  in  the  conventional  pseudo-halftoning  proc- 
essing  of  error  diffusion; 
Fig.  3  shows  a  schematic  perspective  view  of  an  ink  jet  recording  apparatus  applicable  for  each  embodi- 

55  ment  of  the  present  invention; 
Fig.  4  is  a  block  diagram  of  a  control  structure  of  the  ink  jet  recording  apparatus  shown  in  Fig.  3; 
Fig.  5  is  a  schematic  illustration  for  illustrating  a  recording  method  used  in  each  embodiment  of  the  present 
invention; 
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Fig.  6  is  a  block  diagram  of  the  structure  of  a  image  signal  processing  and  a  driving  data  assigning  proc- 
essing  in  embodiment  1  of  the  present  invention; 
Fig.  7  is  a  schematic  illustration  of  a  diffusion  matrix  used  in  an  error  diffusion  method  in  embodiment  1  of 
the  present  invention; 

5  Fig.  8  is  a  flow  chart  illustrating  the  procedure  of  embodiment  1  mentioned  above; 
Fig.  9  shows  a  graph  of  the  relation  between  input  density  level  data  and  the  number  of  droplets  in  em- 
bodiment  1  ; 
Fig.  10  is  a  flow  chart  illustrating  the  procedure  of  embodiment  1A  of  the  present  invention; 
Fig.  1  1  is  a  block  diagram  of  the  construction  of  an  image  signal  processing  and  a  driving  data  assigning 

10  processing  in  embodiment  1B  of  the  present  invention; 
Fig.  12  is  a  blockdiagram  of  the  structure  of  an  image  signal  processing  and  a  driving  data  assigning  proc- 
essing  in  embodiment  2  of  the  present  invention; 
Figs.  13A,  13B  and  13C  are  schematic  illustrations  illustrating  a  pseudo-halftoning  processing  in  the  two- 
level  (bi-level)  halftoning  processing  of  embodiment  2; 

15  Fig.  14  is  a  schematic  illustration  illustrating  the  number  of  liquid  droplet  ejection,  orifices  to  be  used,  and 
the  scanning  numbers  of  a  recording  head,  which  are  used  for  forming  pixels  in  embodiment  2; 
Fig.  15  is  a  schematic  illustration  illustrating  a  method  of  scanning  a  recording  head  in  embodiment  2A  of 
the  present  invention; 
Fig.  16  is  a  blockdiagram  of  the  structure  of  a  image  signal  processing  and  a  driving  data  assigning  proc- 

20  essing  in  embodiment  2A  of  the  present  invention; 
Fig.  17  is  a  schematic  illustration  illustrating  the  number  of  liquid  droplet  ejection,  orifices  to  be  used,  and 
scanning  numbers  of  a  recording  head,  which  are  used  for  forming  pixels  in  embodiment  2A; 
Fig.  18  is  a  schematic  illustration  illustrating  a  separating  method  of  a  pixel  in  embodiment  2B  of  the  present 
invention; 

25  Fig.  1  9  is  a  block  diagram  of  the  structure  of  an  image  signal  processing  and  a  driving  data  assigning  proc- 
essing  in  embodiment  2C  of  the  present  invention; 
Fig.  20  is  a  blockdiagram  of  the  structure  of  an  image  signal  processing  and  a  driving  data  assigning  proc- 
essing  in  further  embodiment  of  the  present  invention; 
Fig.  21  is  a  blockdiagram  of  the  structure  of  a  image  signal  processing  and  a  driving  data  assigning  proc- 

30  essing  in  still  further  embodiment  of  the  present  invention; 
Fig.  22  is  a  schematic  illustration  illustrating  the  number  of  liquid  droplet  ejection,  orifices  to  be  used,  and 
scanning  numbers  of  a  recording  head,  which  are  used  for  forming  pixeles  in  embodiment  shown  in  Fig. 
19; 
Fig.  23  is  a  schematic  illustration  illustrating  the  number  of  liquid  droplet  ejection,  orifices  to  be  used,  and 

35  scanning  numbers  of  a  recording  head,  which  are  used  for  forming  pixels  in  embodiment  shown  in  Fig.  20; 
and 
Fig.  24  is  a  schematic  illustration  illustrating  the  number  of  liquid  droplet  ejection,  orifices  to  be  used,  and 
scanning  numbers  of  a  recording  head,  which  are  used  for  forming  pixels  in  embodiment  shown  in  Fig.  21. 
As  will  be  described,  these  and  other  features  of  the  present  invention  and  one  embodiment  of  it  are  more 

40  fully  described  below  in  the  detailed  description  and  with  the  accompanying  drawings. 
Fig.  3  is  a  perspective  view  showing  major  parts  of  an  ink  jet  recording  apparatus  of  one  embodiment  of 

the  present  invention.  In  Fig.  3,  in  the  recording  head  1  ,  for  example,  32  orifices  with  their  mutual  interval  being 
63.5  urn  (400  dots  per  inch)  are  placed  in  an  array  extended  in  the  direction  in  which  the  recording  paper  2  is 
fed,  this  direction  designated  sub-scanning  direction,  and  in  each  ink  path  connecting  to  each  corresponding 

45  orifice,  installed  is  a  heater  for  generating  thermal  energy  used  for  ejecting  ink  droplets.  The  heater  generates 
thermal  energy  in  responsive  to  electric  pulses  correlated  with  driving  signal  data,  and  film  boiling  occurs  in 
the  ink  fluids  which  leads  to  generating  a  bubble  and  finally  to  ejection  of  an  ink  droplets  from  the  orifice.  In 
this  embodiment,  the  frequency  of  heater  driving  signals,  that  is,  the  ejection  frequency,  is  2  kHz.  Incidentally, 
in  embodiments  described  here  and  hereinafter  of  the  present  invention,  term  "discharging  portion",  "outlet"  or 

so  "nozzle"  may  be  used  instead  of  term  "orifice". 
A  carriage  4  on  which  a  recording  head  1  is  mounted  is  supported  by  a  couple  of  guide  shafts  5A  and  5B 

so  as  to  move  freely  along  the  guide  shafts  5A  and  5B.  In  the  following  description,  this  movement  of  the  re- 
cording  head  1  is  called  main-scanning  and  its  scanning  direction  is  called  main-scanning  direction.  The  car- 
riage  4  is  fixed  on  a  part  of  a  belt  expanded  by  pulleys  and  the  carriage  4  is  moved  by  rotational  movements 

55  of  pulleys  driven  by  the  motor  linked  with  the  pulleys.  In  Fig.  3,  these  pulleys  and  the  motor  are  not  shown.  An 
ink  tube  6  is  connected  to  the  recording  head  1,  through  which  the  ink  fluids  can  be  supplied  from  an  ink  tank 
not  shown  to  the  recording  head  1  .  A  flexible  cable  7  is  connected  to  the  recording  head  1  which  can  transmit 
driving  signals  corresponding  to  recording  data  and  control  signals  from  a  host  apparatus  or  a  control  part  of 
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the  ink  jet  recording  apparatus  to  a  head  driving  circuit  (a  head  driver).  The  ink  supply  tube  6  and  the  flexible 
cable  7  are  composed  of  flexible  materials  so  as  to  follow  the  movement  of  the  carriage  4. 

The  longer  side  of  the  platen  roller  3  is  extended  in  parallel  to  the  guide  shafts  5A  and  5B  and  the  platen 
roller  3  is  driven  by  a  paperfeed  motor  not  shown  and  used  for  feeding  a  recording  sheet  2  as  recording  media 

5  and  for  defining  a  recording  face  of  the  recording  sheet  2.  In  the  above  described  structure,  the  recording  head 
1  ejects  the  ink  fluids  on  the  recording  face  of  the  recording  sheet  2  in  front  of  the  orifices  of  the  recording  head 
1. 

Fig.  4  is  a  block  diagram  showing  a  control  structure  of  the  ink  jet  recording  apparatus  as  shown  in  Fig.  3. 
Amain  controller  1  100  is  composed  of  CPU  and  soon,  and  transfers  image  data  supplied  from  a  host  com- 

10  puter  200  into  density  level  data  of  each  pixel  and  store  the  density  level  data  into  the  frame  memory  1  100M. 
The  main  controller  1100  supplies  the  density  level  data  of  each  pixel  stored  in  the  frame  memory  1100M  to 
the  driver  controller  1  110  in  predetermined  timing.  As  described  later  with  Fig.  15  and  soon,  the  driver  controller 
1110  converts  the  density  level  data  supplied  from  the  frame  memory  1100M  into  drive  data  which  describes 
turn-on  or  turn-off  signals  to  each  heater  of  the  recording  head  1  and  each  of  which  corresponds  to  a  respective 

15  orifice  index  number  and  respective  scan  number.  The  orifice  index  number  is  the  order  of  the  orifice  array  in 
the  recording  head  and  the  scan  number  is  the  sequential  number  of  iterative  main-scanning  operations.  The 
drive  data  converted  by  the  driver  controller  1110  are  stored  in  the  drive  data  RAM  1  1  1  0M.  The  driver  controller 
1110  read  out  the  drive  data  stored  in  the  drive  data  RAM  1  1  10M  by  referring  their  orifice  index  number  and 
scan  number  in  responsive  to  control  signals  from  the  main  controller  1100,  and  supplies  the  read-out  drive 

20  data  into  the  head  driver  1  1  10D  and  controls  its  driving  timing. 
In  the  above  described  structure,  the  main  controller  1  1  00  controls  the  ink  ejection  by  the  recording  head 

1  and  the  rotational  movements  of  the  carriage  drive  motor  1104  and  the  paperfeed  motor  1102  through  the 
driver  controller  1110,  the  motor  driver  1  104D  and  the  motor  driver  1  102D.  So  far,  characters  and  graphic  im- 
ages  corresponding  to  input  image  data  are  recorded  on  the  recording  sheet  2. 

25  In  the  above  described  structure,  though  the  driver  controller  1110  converts  the  density  level  data  into  the 
drive  data,  this  conversion  may  be  performed  by  the  main  controller  1100.  In  this  case,  the  drive  data  can  be 
stored  in  the  frame  memory  1100M  and  hence,  the  RAM  1110M  can  be  removed. 

Referring  now  to  Fig.  5,  a  method  for  forming  a  plurality  of  dots  of  one  pixel  by  means  of  different  recording 
elements,  which  makes  the  preamble  of  each  embodiment  described  hereinafter.  Fig.  5  is  a  schematic  illus- 

30  tration  of  forming  one  pixel  by  using  ink  droplets  ejected  from  a  plurality  of  ink  orifices.  In  Fig.  5,  the  recording 
head  601  has  a  plurality  of  orifices,  for  example,  128  orifices.  The  recording  head  601  is  moved  from  left  to 
right  in  Fig.  5.  The  dots  of  each  pixel  are  formed  by  the  ink  droplets  ejected  from  each  orifice  in  accordance 
with  the  assigned  driving  data.  A  reference  numeral  601  A  denotes  the  position  of  initial  scanning  of  the  record- 
ing  head  601  with  respect  to  a  recording  medium,  and  numerals  601  B,  601  C,  601  D  each  denotes  a  subsequent 

35  position  of  scanning  in  order.  A  numeral  602  denotes  one  pixel  recorded  by  the  above  scanning.  The  numbers 
prefixed  by  a  symbol  #  denote  orifice  numbers  of  each  orifice  in  the  recording  head  601. 

In  the  structure  described  above,  assuming  that  only  the  pixel  602  is  specified,  a  plurality  of  dots  of  the 
pixel  602  are  formed  by  ejection  or  non-ejection  from  the  orifices  #100,  #68,  #36  and  #4  during  each  of  four 
times  scanning  601  A,  601  B,  601  C  and  601  D  of  the  recording  head  601.  When  the  ink  is  ejected  from  all  the 

40  orifices,  the  density  level  is  maximum,  and  when  not  ejected  from  all  orifices,  that  is  minimum.  The  medium 
density  level  between  the  maximum  level  and  the  minimum  level  is,  of  course,  formed  by  the  combination  of 
absence  or  presence  of  ejection  from  each  orifice. 

Embodiment  1 
45 

Fig.  6  is  a  block  diagram  showing  a  structure  of  image  signal  processing  composed  in  the  control  structure 
shown  in  Fig.  4.  In  the  figure,  for  the  clarity  of  explanation,  a  simplified  signal  processor  is  shown,  in  which  the 
density  level  with  five  levels  of  one  pixel  is  expressed  by  ink  droplets  ejected  from  four  different  orifices  (also 
called  nozzles  hereinafter). 

so  in  Fig.  6,  input  data  101  are  8-bit  data  representing  density  levels  between  0  and  255  and  are  assigned  in 
correspondence  with  each  of  pixels.  The  input  data  of  a  specified  pixel  (x,y)  are  inputted  as  input  data  Ixy,  to 
which  an  error  data  Sxy  are  added  by  an  adder  102  in  order  to  obtain  data  I'xy.  The  lower  2  bits  of  data  I'xy 
are  stored  in  a  lower  2-bit  memory,  and  the  upper  6  bits  thereof,  as  data  l"xy,  are  transmitted  to  a  comparator 
104.  That  is,  a  density  level  value  of  the  data  l"xy  is  one-fourth  of  the  density  level  value  of  the  data  I'xy  to 

55  which  the  error  data  Sxy  are  added.  A  comparator  1  04  compares  in  magnitude  the  data  l"xy  with  one  of  thresh- 
old  data  in  a  threshold  memory  unit  105.  If  the  data  l"xy  is  equal  to  or  larger  than  the  threshold  data  in  the  thresh- 
old  memory  unit,  "1"  is,  as  data  Pxy,  output  and  if  not,  "0"  is  outputted.  In  addition,  the  threshold  data  are  trans- 
ferred  to  a  subtractor  1  06  to  obtain  the  difference  between  the  threshold  value  and  the  data  l"xy.  An  adder  1  07 
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adds  the  data  from  this  subtractor  106  to  the  lower  2-bit  data  of  the  data  I'xy  to  which  the  error  has  already 
been  added.  The  sum  is,  as  output  from  the  adder  1  07,  transferred  to  an  error  distributor  1  08  to  distribute  around 
a  noted  pixel  according  to  an  error  diffusion  matrix  determined  by  an  error  distribution  coefficient  109.  In  other 
words,  the  output  Exy  is  stored  according  to  the  error  diffusion  matrix,  in  a  memory  for  accumulating  the  errors 

5  distributed  around  the  specified  pixel.  The  output  Sxy  of  a  distributed  error  accumulating  memory  1  10  is  added 
to  the  data  Ixy  of  the  noted  pixel  to  be  processed,  by  the  adder  1  02.  A  nozzle  memory  unit  112  has  a  line  memory 
of  1  bit,  and  stores  the  driving  data  of  each  orifice,  namely  "0"  or  "1  ".  A  numeral  113  denotes  an  output  data 
including  the  driving  data  of  a  line  which  is  now  recording. 

In  the  structure  described  above,  the  data  (values)  of  each  threshold  memory  in  the  threshold  memory  unit 
10  1  05  is  presets  as  follows. 

Threshold  memory  1  threshold  value  8 
Threshold  memory  2  threshold  value  24 
Threshold  memory  3  threshold  value  40 
Threshold  memory  4  threshold  value  56 

15  The  distribution  ratio  of  the  error  diffusion  coefficient  1  09  is  as  that  of  Fig.  7.  The  nozzle  memory  unit  112 
is  set  to  zero  every  one  scanning.  The  above  structure  is  that  of  the  error  diffusion  of  a  multi-fixed  threshold 
values.  The  structure  will  be  described  in  details  hereinafter. 

In  order  to  obtain  the  data  I'xy,  added  to  the  data  Ixy  of  the  specified  pixel  is  the  error  Sxy  which  has  already 
distributed  by  the  multi-level  (in  this  case,  five-level)  halftoning  processing  of  other  pixel  which  has  processed 

20  before  the  specified  pixel  is  to  be  processed.  The  data  I'xy  divided  into  the  upper  6  bits  and  the  lower  2  bits 
stored  in  the  lower  2-bit  memory.  That  is,  it  means  that  the  data  I'xy  are  reduced  to  one-fourth  level,  and  the 
remainder  is  stored  in  the  memory  103.  The  multi-level  halftoning  processing  of  the  image  signal  is  essentially 
performed  to  the  data  l"xy  of  the  upper  6  bits. 

The  data  l"xy  are  compared  with  the  value  of  the  threshold  memory  1  ,  namely  the  threshold  value  8,  in  the 
25  comparator  104.  At  this  time,  selected  is  a  threshold  memory  with  the  same  number  as  that  of  the  nozzle  mem- 

ory  selected  by  the  nozzle  selector.  Next,  as  a  result  of  comparison,  if  the  data  l"xy  is  equal  to  or  larger  than 
the  threshold  value  of  the  threshold  memory  1,  then  "1"  is  outputted  to  the  nozzle  selector  111  as  the  output 
Pxy,  if  it  is  smaller  than  that,  than  "0"  is  outputted.  The  nozzle  selector  111  allows  the  output  Pxy  to  store  in 
the  nozzle  memory  1.  At  the  same  time,  the  comparator  104  send  the  threshold  value  at  the  time  to  the  sub- 

30  tractor  106,  in  which  difference  between  the  threshold  value  and  data  l"xy  is  calculated.  The  output  (difference 
value)  of  the  subtractor  106  is  transferred  to  the  adder  107.  Next,  the  nozzle  selector  111  selects  the  nozzle 
memory  2  and  the  threshold  memory  2.  The  comparator  104  compares  in  a  manner  similar  to  that  described 
above,  and  sends  the  threshold  value  to  the  subtractor  106,  in  which  the  processing  similar  to  that  described 
above  is  performed.  The  output  of  the  subtractor  106  is  added  to  the  last  output  of  the  subtractor  106.  Similarly, 

35  the  nozzle  selector  111  selects  in  order  the  nozzle  memory  3,  4  and  the  threshold  memory  3,  4  and  performs 
the  procedure  similar  to  that  described  above.  However,  when  the  value  of  the  output  Pxy  turns  to  "0",  selecting 
operation  of  the  nozzle  selector  111  would  be  stopped. 

In  other  words,  either  when  the  nozzle  selector  1  11  is  counted  up  to  4,  or  when  the  output  Pxy  turns  to  "0", 
the  data  accumulated  in  the  subtractor  106  and  the  data  of  lower  2  bit  of  the  input  data  I'xy  stored  in  lower  2 

40  bit  memory  103,  are  finally  added  in  the  adder  107.  The  sum  is  transferred  as  error  data  Exy  to  the  error  dis- 
tributor  108. 

As  described  above,  according  to  embodiment  1  of  the  present  invention,  the  procedure  comparing  with 
the  threshold  value  in  the  multi-level  halftoning  processing  (pseudo-halftoning  processing)  directly  corresponds 
to  the  procedure  for  producing  the  driving  data  ("0"  or  "1")  and  to  the  assignment  of  the  driving  data  to  each 

45  orifice.  Thus,  the  number  of  steps  from  the  image  data  processing  to  the  driving  data  producing  is  decreased, 
and  the  load  on  hardware  and/or  software  is  also  reduced. 

Fig.  8  is  a  flow  chart  illustrating  in  details  the  procedure  of  the  error  diffusion  processing  and  the  driving 
data  formation,  which  are  described  above,  and  Fig.  9  is  a  graph  showing  the  relationship  at  this  time  between 
the  input  data  I'xy,  and  the  number  of  ejected  liquid  droplets  and  the  corresponding"orifice  number.  It  is  as- 

50  sumed  that  the  specified  pixel  is  formed  by  the  orifices  of  #4,  #36,  #68  and  #100  shown  in  Fig.  5.  Further  as- 
sumed  that  the  density  level  of  the  input  data  of  the  specified  pixel  (x,y)  is  lxy=195,  and  the  errors  which  has 
already  diffused  around  this  pixel  is  Sxy=2,  that  various  processing  such  as  the  input  y  -  correction,  the  color- 
correction,  the  black  production,  the  output  y  -  correction,  etc.  in  the  image  recording  apparatus  have  already 
completed,  and  that  the  nozzle  memories  1  to  4  corresponding  to  the  specified  pixel  (x,y)  each  is  set  to  zero. 

55  in  Fig.  8,  before  starting  the  processing  of  the  specified  pixel,  a  counter  Afor  counting  up  the  nozzle  selector 
1  1  1  is  set  to  zero,  and  the  accumulated  error  Exy  is  also  set  to  zero  at  step  S302.  At  step  S303,  the  error  data 
Sxy  are  added  to  the  specified  pixel  data  Ixy  by  the  adder  102  to  yield  the  dat  I'xy.  At  next  step  S304,  the  lower 
2  bits  of  the  data  I'xy  are  stored  in  the  lower  2  bit  memory  1  03,  and  the  upper  6  bits  thereof  are  set  as  the  data 
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l"xy.  At  step  S305,  the  value  1  is  added  to  the  counter  A.  At  step  S306,  the  value  of  l"xy  is  compared  with  the 
threshold  value  stored  in  the  threshold  memory  1  ,  the  numeral  of  which  corresponds  to  the  value  of  the  counter 
A,  i.e.  the  value  1  ,  by  means  of  the  comparator  104.  If  the  value  of  data  l"xy  is  equal  to  or  larger  than  that  of 
the  threshold  memory  1,  then  it  goes  to  step  S307,  and  if  the  value  of  data  l"xy  is  smaller  than  that  of  the  thresh- 

5  old  memory  1  ,  then  it  goes  to  step  S308.  When  the  value  of  the  data  l"xy  is  equal  to  or  larger  than  that  of  the 
threshold  memory  1  ,  at  step  S307,  "1  "  is  outputted  as  the  output  Pxy  to  the  nozzle  selector  1  1  1  ,  which  causes 
the  output  value  to  store  in  the  nozzle  memory  1  .  At  the  same  time,  the  calculation  of  Exy=Exy+63-l"xy  is  carried 
out,  using  the  subtractor  1  06  and  the  adder  1  07.  Next,  at  step  S309,  whether  or  not  the  value  of  A  equals  to  4 
is  checked.  When  its  value  is  4,  it  goes  to  step  S310.  In  this  event,  since  A=1  ,  it  returns  to  the  step  S305,  and 

10  the  processing  following  the  step  S305  are  repeated.  On  the  other  hand,  when  the  value  of  data  l"xy  is  smaller 
than  the  threshold  value  of  the  threshold  memory  designated  by  the  counter  A,  at  he  step  S308,  "0"  is  outputted 
as  the  output  Pxy  to  the  nozzle  selector  111,  which  stores  in  the  nozzle  memory  designated  by  the  counter  A, 
and  then  it  goes  to  the  step  S310. 

In  summary,  the  value  of  the  data  l"xy  is  compared  in  order  with  each  of  four  threshold  values  four  times, 
15  or  these  steps,  that  is,  binarizations  are  repeated  until  the  value  of  the  data  l"xy  becomes  smaller  than  the 

threshold  value.  Either  ejection  or  non-ejection  from  the  orifices,  that  is,  formation  of  the  driving  data  of  each 
orifice  is  determined  each  time,  and  the  errors  are  accumulated. 

Next,  at  the  step  S31  0,  data  l"xy  are  subtracted  from  the  errors  accumulated  so  far  by  means  of  the  sub- 
tractor,  and  the  result  is  set  as  new  accumulated  errors  Exy.  At  next  step  S31  1  ,  the  lower  2  bits  of  the  data  I'xy 

20  are  added  to  the  accumulated  errors  Exy  by  means  of  the  adder  107.  At  step  S312,  the  result  is  distributed  to 
other  pixels  as  process  errors  in  the  specified  pixel  (x,y). 

The  above  processing  is  represented  by  the  following  equations  concretely. 
Ixy=195,  Sxy=2,  thus  l'xy=1  95+2=1  97  (see  step  S303)  l'xy=1  1000101  (binary) 

Upper  six  bits=1  10001=49,  lower  two  bits=01=1. 
25  A=1  : 

l"xy=49>threshold  value  8  (see  step  S306), 
then  Pxy="1",  and  nozzle  memory  1  (orifice  #100)  "1" 

Exy=63-49=14  (see  step  S307) 
A=2: 

30  l"xy=49>threshold  value  24,  then 
Pxy="1",  and  nozzle  memory  2  (orifice  #68)  "1" 
Exy=14+63-49=28 

A=3: 
l"xy=49>threshold  value  40,  then 

35  Pxy="1  ",  and  nozzle  memory  3  (orifice  #36)  -»  "1  " 
Exy=28+63-49=42 

A=4: 
l"xy=49<threshold  value  56,  then 
Pxy="0",  arid  nozzle  memory  4  (orifice  #4)  "0" 

40  Exy=42-49=-7  (see  step  S31  0) 
Exy=-7+1=-6  (see  step  S311) 

As  described  above,  the  halftoning  of  the  specified  pixel  (x,y)  is  represented  by  each  liquid  droplet  ejected 
("1")  from  three  orifices  #100,  #68  and  #36.  The  error  Exy  to  be  distributed  when  the  five-level  halftoning  proc- 
essing  in  the  specified  pixel  is  performed,  is  -6. 

45  The  above  result  will  be  checked  in  light  of  Fig.  9.  The  input  data  Ixy  is  195  and  the  error  is  +2,  hence  I'xy 
is  197.  The  pixel  must  be,  therefore,  formed  by  three  liquid  droplets.  According,  it  can  be  seen  that  the  above 
result  accords  with  the  relationship  illustrating  in  Fig.  9. 

It  should  be  appreciated  that  the  above  method  is  not  limited  within  the  range  of  the  present  embodiment 
such  that  a  single  pixel  may  be  formed  by  four  orifices  (recording  elements),  that  is,  the  number  of  orifices  is 

so  not  limited  to  four,  and  that  the  above  method  is  effective  for  such  an  approach  that  a  single  pixel  may  be  formed 
by  lots  of  orifices.  In  the  above  embodiment,  the  medium  value  of  the  density  level  corresponding  to  the  number 
of  the  ejected  liquid  droplets  was  used  as  a  threshold  value  (the  actual  threshold  value  is  one-fourth  of  the  den- 
sity  level  data).  It  should  be  also  appreciated  that,  in  the  case  that  the  density  level  does  not  directly  correspond 
to  the  number  of  ejected  droplets,  the  threshold  value  may  be  set  to  adapt  to  the  characteristic  of  the  density 

55  level. 
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Embodiment  1A 

Fig.  1  0  is  a  flow  chart  illustrating  the  procedure  of  embodiment  1  A  of  the  present  invention.  The  circuit  struc- 
ture  of  hardware  is  similar  to  that  of  embodiment  1  shown  in  Fig.  6. 

5  Referring  to  Fig.  10,  there  is  shown  the  difference  between  the  flow  chart  of  Fig.  10  and  that  of  the  em- 
bodiment  1  shown  in  Fig.  8.  In  embodiment  1  A,  there  is  provided  with  another  counter  B  besides  the  counter 
A.  The  nozzle  memory  is  selected  in  accordance  with  the  value  of  the  counter  B.  The  operation  of  embodiment 
1A  is  the  same  as  that  of  the  embodiment  1  expect  this  point.  As  shown  at  step  S505,  the  counter  B  always 
has  one  of  the  count  numbers  1  to  4  in  succession.  That  is,  the  counter  is  not  reset  even  when  the  specified 

10  pixel  is  changed,  and  continues  to  count.  Thus  the  count  number  changed  from  4  to  1  . 
By  such  structure,  the  assignment  of  the  driving  data  of  each  of  pixels  to  the  nozzle  memory  does  not  always 

start  from  the  same  nozzle  memory  1,  that  is,  it  starts  from  the  nozzle  memory  next  to  one  which  the  driving 
data  "1"  was  assigned  in  a  one  before  pixel  (see  step  S507).  In  other  words,  even  if  the  input  data  have  the 
density  level,  the  orifices  to  be  selected  change  sequentially  every  specified  pixel.  Accordingly,  it  can  be  pre- 

15  vented  that  the  same  orifice  is  always  used.  For  example,  in  the  case  that  the  density  level  of  data  is  127,  it 
can  be  prevented  that  only  the  combination  of  the  orifices  #100  and  #68  is  used,  accordingly,  density  speckles 
arising  due  to  variance  of  an  ejection  characteristics  among  orifices. 

Embodiment  1B 
20 

Fig.  11  is  a  blockdiagram  showing  a  signal  processing  structure  according  to  embodiment  1B  of  the  present 
invention.  This  embodiment  relates  to  such  a  method  that  lots  of  liquid  droplets  which  forms  one  pixel  are  eject- 
ed  not  from  a  plurality  of  orifices,  but  from  a  single  orifice.  In  Fig.  1  1  ,  the  same  reference  numeral  as  in  Fig.  6 
identifies  corresponding  elements.  The  present  embodiment  represents  a  construction  for  the  five-level  half- 

25  toning  processing  like  embodiment  1. 
Hereinafter,  only  parts  different  from  embodiment  1  will  be  described.  In  Fig.  11,  a  reference  numeral  801 

denoted  a  3  bit  counter,  which  is  reset  to  zero  every  pixel.  Numeral  802  denotes  a  3  bit  nozzle  memory  of  which 
initial  value  is  reset  to  zero  every  pixel.  The  nozzle  memory  corresponds  to  one  orifice  with  respect  to  one  pixel. 
In  the  above  construction,  the  counter  801  selects  the  threshold  memory  1  in  such  a  state  that  it  is  reset  to 

30  zero.  That  is,  the  comparator  1  04  compares  the  value  of  the  threshold  value  memory  1  with  the  input  data  l"xy. 
The  result  of  comparison  is  outputted  as  Pxy  like  the  embodiment  1.  If  this  value  is  "1",  the  counter  801  adds 
"1"  to  the  nozzle  memory  802,  while  if  it  is  "0",  the  counter  801  does  nothing.  Then,  in  order  to  move  to  the 
processing  of  the  next  pixel,  the  counter  801  informs  the  finish  of  the  processing  of  the  lower  2  bit  memory, 
and  move  to  the  processing  of  error  diffusion.  As  described  above,  the  counter  801  counts  up  to  compare  in 

35  order  until  the  value  of  Pxy  turns  to  "0".  Of  course,  while  this  counter  is  a  3  bit  counter,  it  can  be  reset  to  move 
the  processing  of  the  next  pixel  in  the  case  that  the  comparison  finishes  four  times  before  the  Pxy  turns  to  zero. 

As  described  above,  it  should  be  noted  that  the  present  invention  is  effective  in  the  case  that  a  single  pixel 
is  formed  by  liquid  droplets  ejected,  not  from  a  plurality  of  orifices,  but  from  a  single  orifice. 

40  Embodiment  2 

Figs.  12  is  a  blockdiagram  showing  the  construction  of  an  image  data  processing  and  an  assignment  proc- 
essing  of  driving  data  according  to  embodiment  2  of  the  present  invention,  which  is  similar  to  Fig.  6  in  embodi- 
ment  1.  In  Fig.  12,  the  same  reference  numeral  as  in  Fig.  6  identifies  corresponding  elements.  Therefore,  the 

45  description  of  those  elements  will  be  abbreviated.  Fig.  1  3A  is  a  schematic  illustration  of  the  pixel  configuration 
illustrating  a  pseudo-halftoning  processing  of  the  present  embodiment,  Fig.  13B  is  a  schematic  illustration  of 
a  weighting  mask  used  in  the  above  processing,  and  Fig.  13C  is  a  schematic  illustration  showing  pixels  that 
an  error  are  distributed. 

Referring  now  to  Fig.  13A,  13B  and  13C,  described  will  be  how  to  perform  a  pseudo-half-tone  processing 
so  of  five-level  halftoning  processing.  In  Fig.  13A,  reference  numeral  201  denotes  the  noted  pixel  (x,y)  that  the 

pseudo-halftoning  processing  is  to  be  performed  from  now.  This  specified  pixel  (x,y)  is  divided  to  four  pseudo- 
pixels  as  shown  at  a  dotted  line.  These  pseudo-pixels  are  denoted  by  (x1,y1),  (x2,y2),  (x3,y3)  and  (x4,y4),  re- 
spectively.  The  input  data  Ixy  of  the  specified  pixel  (x,y)  have  8-bit  data  representing  density  levels  between 
0  to  255.  Numerals  202  to  208  each  is  a  surrounding  pixel  of  the  specified  pixel  201  .  In  these  pixels,  the  pseudo- 

55  halftoning  processing  have  already  been  finished.  In  addition,  these  pixels  are  also  divided  into  four  pseudo- 
pixels  as  well.  These  surrounding  pixels  each  has  anyone  of  values  of  0  to  4  as  a  result  of  five-level  halftoning 
processing.  These  values  are  distributed  and  maintained  in  each  pseudo-pixel.  Thus,  the  pseudo-pixels  of  each 
surrounding  pixel  have  the  value  of  either  "0"  or  "1".  A  reference  numeral  209  in  Fig.  13B  denotes  a  specified 
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pseudo-pixel  which  is  one  of  the  pseudo-pixels  of  the  specified  pixel.  Numerals  210  to  216  denote  pseudo- 
pixels  to  be  weighted  with  respect  to  the  specified  pseudo-pixel  209,  to  each  of  which  weighting  values  R1  to 
R7  (a  positive  integer)  corresponds.  Reference  numerals  217  and  218  in  Fig.  13C  denote  pixels  adjacent  to 
the  specified  pseudo-pixel  209,  to  which  the  error  produced  in  a  pseudo-halftoning  processing  of  the  specified 

5  pseudo-pixel  209  is  distributed.  The  present  embodiment  2  relates  to  how  to  perform  the  pseudo-halftoning 
processing  of  the  five-level  halftoning  processing,  the  processing  of  which  would  be  performed  sequentially 
from  one  pixel  to  another  pixel,  for  example,  a  pixel  (x,y),  a  pixel  (x+1,y),  a  pixel  (x+2,  y)-.  Referring  now  to 
Figs.  13A,  13B  and  13C,  how  to  perform  the  pseudo-halftoning  processing  of  embodiment  2  will  be  described 
hereinafter. 

10  The  pseudo-halftoning  processing  is  performed  in  a  direction  from  the  adjacent  pixel  (x-1  ,y)  208  to  the  right 
to  the  pixel  (x,y)  201.  At  first,  the  two-level  halftoning  processing  is  performed  to  the  pseudo-pixel  (x1,y1)  of 
the  specified  pixel  (x,y)  201  .  The  threshold  value  for  this  two-level  processing  is  determined  by  the  calculation 
of  the  weighting  mask  of  Fig.  13B  and  the  surrounding  pseudo-pixels  of  the  pseudo-pixel  (x1,y1).  The  error 
produced  by  the  two-level  halftoning  processing  is  diffused  on  the  pseudo-pixels  217  and  218.  As  described 

15  above,  the  pseudo-halftoning  processing  of  this  embodiment  has  the  structure  such  that  it  is  performed  only 
to  the  pseudo-pixels.  The  two-level  halftoning  processing  is  performed  four  times  to  a  single  pixel,  whereby 
the  five-level  halftoning  processing  can  be  obtained. 

In  accordance  with  the  present  embodiment  as  described  above,  because  (n+1)-level  pseudo-halftoning 
processing  can  be  obtained  by  the  structure  of  carrying  out  n  times  a  two-level  halftoning  processing,  it  is  pos- 

20  sible  to  reduce  the  load  on  hardware,  and  to  simplify  the  forming  of  driving  data  in  the  embodiments  1  ,  1  A  and 
1B. 

The  effect  of  the  present  embodiment  will  be  explained  hereinafter.  The  value  of  each  of  the  pseudo-pixels 
in  which  two-level  halftoning  processing  is  performed,  namely  "0"  or  "1",  as  described  later,  is  set  as  driving 
data  to  the  nozzle  memory  corresponding  to  each  orifice  at  the  same  time  the  above  binarization.  With  respect 

25  to  the  specified  pixel  (x,y),  explained  will  be  how  to  perform  the  binarization  with  respect  to  four  pseudo-pixels 
(x,y),  (x2,y2),  (x3,y3),  and  (x4,y4)  of  the  specified  pixel  (x,y),  and  how  to  perform  five-level  halftoning  processing 
of  the  specified  pixel  (x,y).  The  data  of  the  specified  pseudo-pixel  (x1,y1)  is  equal  to  I'(x1,y1)  that,  the  errors 
produced  by  the  two-level  halftoning  processings  in  each  of  the  next  pseudo-pixel  (x1,(y-1)1)  to  the  upper  side 
and  the  next  pseudo-pixel  ((x-1)4,y4)  to  the  left  side  as  shown  in  Fig.  13A,  is  added  to  the  input  data  l(x,y)  of 

30  the  specified  pixel  (x,y).  The  two-level  halftoning  processing  is  performed  to  this  data  I'(x1,y1).  In  which  the 
threshold  value  is  mean  density  MV  obtained  by  the  following  calculation. 
MV  =  P((x  -  1)4,  (y  -  2)4)  *  R1  +  P(x1,  (y  -  2)1)  *  R2  +  P(x2,  (y  -  2)2)  *  R3  +  P((x  -  1)4,  (y  -  1)4)  *  R4 

+  P(x1,  (y-  1)1))  *  R5  +  P(x2,  (y-  1)2)  *  R6  +  P((x-  1)4,  y4)  *  R7 
The  value  P(x1,y1)  by  the  two-level  halftoning  processing  of  this  pseudo-pixel  (x1,y1)  is  determined  by 

35  comparing  MV  with  I'(x1,y1).  That  is, 
If  I'(x1,y1)  is  MV,  then  P(x1,y1)  =  "1" 
If  I'(x1,y1)  <  MV,  then  P(x1,y1)  =  "0" 

Next,  the  errors  produced  in  this  pseudo-pixel  (x1,y1)  is  determined  as  follows. 
When  P(x1,y1)  ="1",  ERROR  =  I'(x1,y1)  -  255 

40  When  P(x1,y1)  ="0",  ERROR  =  I'(x1,y1) 
This  ERROR  is  diffused  to  the  surrounding  pseudo-pixel  21  7  and  21  8  which  are  the  next  pixels  to  the  right 

side  and  to  the  lower  side,  respectively,  as  shown  in  Fig.  13C.  The  errors  produced  after  the  two-level  halftoning 
processing  at  the  specified  pseudo-pixel  (x1,y1)  is  performed,  are  diffused  to  pseudo-pixels  (x2,y2)  and 
(x1,(y+1)1),  and  are  use  for  data  of  each  pseudo-pixel.  When  the  two-level  halftoning  processing  of  the  spe- 

45  cified  pseudo-pixel  (x1,y1)  is  finished,  the  processing  of  the  pseudo-pixel  (x2,y2)  will  be  started.  The  processing 
of  the  pseudo-pixel  (x2,y2)  is  similar  to  that  described  above,  and  after  the  pseudo-pixel  (x2,y2)  is  processed, 
the  value  P  (x2,y2)  is  determined  to  either  "0"  or  "1".  The  data  of  the  pseudo-pixel  (x2,y2)  equal  to  I'(x2,y2) 
that,  the  errors  which  are  diffused  to  the  specified  pseudo-pixel  (x2,y2)  by  the  two-level  halftoning  processing 
in  each  of  the  pseudo-pixel  (x2,(y-1)2)  and  the  pseudo-pixel  (x1  ,y-1),  is  added  to  the  data  l(x,y)  of  the  specified 

so  pixel  (x,y).  The  two-level  halftoning  processing  is  performed  to  this  I'(x2,y2),  in  which  the  threshold  value  is 
mean  density  MV  obtained  by  the  following  calculation. 
MV  =  P(x1,(y-2)1)  *R1  +  P(x2,  (y  -  2)2)  *  R2  +  P(x3,(y-2)3)  *  R3  +  P(x1,(y-1)1)  *  R4  +  P(x2, 

(y-1)2))  *R5  +  P(x3,  (y-1)3)  *  R6  +  P(x1,y1)  *  R7 
The  value  P(x2,y2)  of  the  two-level  halftoning  processing  of  this  pseudo-pixel  (x2,y2)  is  determined  bycom- 

55  paring  MV  with  I'(x2,y2).  That  is, 
If  I'(x2,y2)  is  MV,  then  P  (x2,y2)  =  "1" 
If  I'(x2,y2)  <  MV,  then  P(x2,y2)  =  "0" 

Next,  the  errors  produced  in  this  pseudo-pixel  (x2,y2)  is  determined  as  follows. 

11 
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When  P(x2,y2)  ="1",  ERROR  =  I'(x2,y2)  -  255 
When  P(x2,y2)  ="0",  ERROR  =  I'(x2,y2) 

This  ERROR  is  diffused  to  the  surrounding  pseudo-pixel  21  7  and  21  8.  The  errors  produced  after  the  two- 
level  halftoning  processing  at  the  specified  pseudo-pixel  (x2,y2)  is  performed,  are  diffused  to  pseudo-pixels 

5  (x3,y3)  and  (x2,(y+1)2),  and  used  as  data  of  each  pseudo-pixel.  As  described  above,  after  the  two-level  half- 
toning  processing  of  the  specified  pixel  (x2,y2)  is  finished,  the  processing  of  the  pseudo-pixel  (x3,y3)  will  be 
started.  The  above-mentioned  process  is  also  applied  to  the  pixel  (x3,y3),  and  then  to  the  pixel  (x4,y4),  and 
the  value  P  by  two-level  halftoning  processing  of  each  pseudo-pixel  is  obtained.  Wherein,  if  all  the  two-level 
data  P  of  four  pseudo-pixels  are  "0",  the  five-level  data  of  the  specified  pixel  (x,y)  are  0.  If  any  one  of  the  four 

10  pseudo-pixels  are  "1  "  and  the  others  are  "0",  five-level  data  of  the  specified  pixel  (x,y)  are  1  .  If  any  two  of  the 
four  pseudo-pixels  (x,y)  are  "1"  and  the  others,  two  are  "0",  the  five-level  data  of  the  specified  pixel  (x,y)  are 
2,  if  any  three  of  the  four  pseudo-pixels  are  "1"  and  another  pseudo-pixel  are  "0",  the  five-level  data  of  the  spe- 
cified  pixel  are  3,  and  if  all  data  of  the  four  pseudo-pixels  are  "1",  the  five-level  data  of  the  specified  pixel  (x,y) 
are  4.  After  performing  a  series  of  the  processing  described  above  with  respect  to  the  specified  pixel  (x,y),  the 

15  processing  of  the  pixel  (x+1  ,y)  is  started.  In  a  manner  similar  to  that  described  above,  the  two-level  halftoning 
processing  is  performed  on  four  pseudo-pixels  ((x+1)1,  y1),  ((x+1)2,  y2),  ((x+1)3,  y3),  and  ((x+1)4,  y4),  and 
then  processing  of  pixel  (x+2,y)  is  started.  In  this  structure,  the  result  of  the  pseudo-halftoning  processing,  "0" 
or  "1",  is  output  at  every  time  the  processing  of  each  pseudo-pixel  finishes  performing.  As  described  above, 
since  the  value  P  of  each  pseudo-pixel  is  either  "0"  or  "1",  it  is  not  necessary  to  multiply  the  value  P  in  the  cal- 

20  culation  of  the  mean  density  MV,  thus  reducing  the  load  on  hardware,  etc. 
Next,  explained  with  reference  to  Fig.  12  will  be  how  the  driving  data  of  the  recording  head  are  assigned 

to  the  orifices  in  the  two-level  halftoning  processing  of  each  pseudo-pixel.  When  the  processing  of  the  specified 
pixel  (x,y)  is  started,  the  input  data  l(x,y)  of  the  specified  pixel  is  transferred  to  an  adder  102.  At  this  time  the 
value  of  a  counter  120  is  3,  thus  it  points  a  memory  1.  In  order  to  obtain  I'(x1,y1),  l(x,y)  is  added  in  the  adder 

25  1  02  to  the  data  from  an  error  memory  110  that  stores  errors  from  the  pseudo-pixel  in  which  the  two-level  half- 
toning  processing  had  been  finished.  On  the  other  hand,  the  mean  density  is  calculated  in  a  multiplying  and 
adding  circuit  126  on  the  basis  of  the  values  from  a  weighting  coefficient  memory  124  and  a  pseudo-pixel  mem- 
ory  125  which  stores  the  two-level  data  each  corresponding  to  the  pixel  which  the  two-level  halftoning  proc- 
essing  has  been  performed.  A  comparator  104  compares  the  result  of  calculation  in  the  multiplying  and  adding 

30  circuit  1  26  with  the  data  I'(x1  ,y1  )  from  the  adder  1  02,  and  output  either  "0"  or  "1  ".  At  this  time,  the  count  of  the 
counter  120  is  3,  and  it  points  the  memory  1,  thus,  the  result  of  comparison  in  the  comparator  104  is  stored  in 
the  nozzle  memory  1.  The  two-level  comparison  result  is  also  stored  in  the  pseudo-pixel  memory  125.  At  the 
same  time,  an  error  between  the  output  I'(x1  ,y1)  and  0  or  255,  which  correspond  to  the  comparison  result  "0" 
or  "1  "  respectively,  is  calculated  by  a  subtractor  1  06,  and  its  difference  is  transferred  to  an  error  distributor  1  08, 

35  which  distributes  at  a  predetermined  ratio  and  causes  them  to  store  in  a  memory  section  corresponding  to  the 
pseudo-pixels  (x2,y2)  and  ((x+1)1,  y1)  of  an  error  memory  110.  The  value  in  the  memory  may  be  used  when 
their  pixels  are  performed  pseudo-halftoning  processing. 

Next,  the  counter  120  counts  down  by  1,  thus  the  counter  120  points  a  nozzle  memory  2  of  memory  unit 
112.  The  input  data  l(x,y)  of  the  specified  pixel  are  outputted  from  input  data  101.  Accordingly,  the  processing 

40  of  the  pseudo-pixel  (x2,y2)  of  the  specified  pixel  (x,y)  is  started,  a  series  of  the  two-level  halftoning  processing 
described  above  is  repeated,  and  the  processing  result  is  stored  in  the  nozzle  memory  2.  When  the  series  of 
the  two-level  halftoning  processing  of  the  pseudo-pixel  (x2,y2)  are  completed,  the  counter  120  counts  down 
by  1  again.  The  series  of  the  above  processing  is  repeated  until  the  count  of  the  counter  120  becomes  zero, 
that  is,  it  means  that  as  to  the  specified  pixel  (x,y),  the  two-level  halftoning  processing  of  each  pseudo-pixel  is 

45  performed  four  times.  As  a  result,  either  "0"  or  "1"  is  stored  in  each  memory  of  a  nozzle  memory  unit  112,  thus 
the  values  of  the  nozzle  memory  1  to  4  are  outputted  through  output  data  113  during  scanning  of  each  of  re- 
cording  heads.  As  explained  hereinbefore,  the  results  of  the  five-level  halftoning  processing  (in  fact,  two-level 
halftoning  processing  of  each  pseudo-pixel)  of  the  specified  pixel  (x,y)  are  stored  as  "0"  or  "1  "  in  four  different 
nozzle  memories  1  to  4.  Which  memories  store  "1"  indicative  of  ejection,  are  determined  by  the  result  of  the 

so  two-level  halftoning  processing  in  each  pseudo-pixel.  According  to  the  value  of  each  nozzle  memory,  the  ab- 
sence  or  presence  of  the  ejection  from  the  orifice  such  as  #100,  #68,  #36  and  #4  form  an  image. 

Next,  as  to  an  actual  pixel  line,  how  the  orifice  to  be  used  is  assigned  will  be  explained  with  reference  to 
Fig.  14.  Fig.  14  illustrates,  in  a  direction  of  scanning  of  the  recording  head,  a  part  of  pixels  formed  by  the  ejection 
of  ink  droplets  from  orifices  #100,  #68,  #36  and  #4  respectively,  in  scannings  801  A,  801  B,  801  C  and  801  D  as 

55  shown  in  Fig.  6.  In  Fig.  14,  reference  numerals  301  to  309  each  denotes  a  pixel,  an  inside  number  of  each  of 
which  represents  the  number  of  ejection,  that  is,  the  result  (value)  of  the  five-level  halftoning  processing.  In 
other  words,  that  is  the  sum  total  of  values  of  the  two-level  halftoning  processing.  Squares  of  the  lower  portion 
of  each  pixel  301-309  represent  the  pseudo-pixels  in  which  the  result  "1"  of  the  two-level  halftoning  processing 
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is  obtained.  In  addition,  below  each  pixel,  there  is  shown  orifice  numbers  of  orifices  used  in  each  pixel  and  scan 
number  of  scanning  in  which  the  respective  orifices  eject. 

In  the  line  of  the  pixels,  when  the  processing  in  the  pixel  301  starts,  the  procedure  as  described  above  is 
performed,  the  result  "1"  of  the  processing  of  first  pseudo-pixel  is  obtained.  Thus,  the  result  "1"  is  stored  in  the 

5  nozzle  memory  1.  After  this,  next  processing  starts,  and  the  two-level  halftoning  processing  of  second  pseudo- 
pixel  is  performed  in  a  similar  manner.  The  result  of  the  processing  of  the  second  pseudo-pixel  is  "0",  thus  this 
value  "0"  is  stored  in  the  nozzle  memory  2.  The  two  remainder  of  the  pseudo  pixels  also  are  performed  in  order 
in  a  similar  manner,  and  the  results  of  the  processing  are  stored  in  order  respectively,  in  the  nozzle  memories 
3  and  4.  That  is,  the  pixel  301  is  formed  by  ejection  from  the  orifice  #100  during  the  scanning  801A,  and  then 

10  the  processing  of  the  pixel  302  starts,  the  two-level  halftoning  processing  is  performed  to  each  of  it's  pseudo- 
pixels.  Also  with  respect  to  the  pseudo-pixel  302,  the  result  of  a  first  pseudo-pixel  is  "1"  and  the  others  are  "0". 

The  pixel  302  is,  therefore,  formed  by  ejection  from  the  orifice  #100  during  the  scanning  801  A.  The  two- 
level  halftoning  processing  is  repeated  four  times  in  each  pixel,  and  the  scanning  to  form  a  pixel  and  the  orifice 
to  be  used  are  determined.  An  example  of  another  pixel  will  be  explained  hereinafter.  For  example,  the  number 

15  of  ejection  in  connection  with  pixel  304  is  1,  and  the  result  of  a  first  pseudo-pixel  is  "1".  Thus,  the  pixel  304  is 
formed  by  ejection  from  the  orifice  #100  during  the  scanning  801  A.  The  number  of  ejection  in  connection  with 
pixel  305  is  2,  and  the  results  of  a  first  pseudo-pixel  and  a  second  one  are  "1".  Thus,  the  pixel  305  is  formed 
both  by  ejection  from  the  orifice  #100  during  the  scanning  801  A  and  by  ejection  from  the  orifice  #68  during  the 
scanning  801  B. 

20  As  described  above,  according  to  embodiment  2,  it  is  not  necessary  to  perform  the  complicated  five-level 
halftoning  processing.  In  other  words,  the  two-level  halftoning  processing  is  carried  out  to  each  pseudo-pixel 
and  it's  result  makes  the  value  of  the  five-level  hatftoning  processing,  whereby  it  is  possible  to  gain  the  same 
effects  as  the  five-level  halftoning  processing. 

25  Embodimemt  2A 

Fig.  15,  16  and  17  are  illustrations  illustrating  embodiment  2A  of  the  present  invention.  Fig.  15  is  a  sche- 
matic  illustration  illustrating  a  process  of  forming  a  single  picture  with  droplets  ejected  from  two  orifices.  Different 
from  the  method  as  shown  in  Fig.  15,  there  are  cases  where  each  orifice  ejects  twice  to  one  pixel  during  single 

30  scanning.  In  Fig.  15,  a  recording  head  401  is  scanned  from  left  to  right  of  Fig.  15,  and  ejects  ink  droplets  when 
there  are  necessary,  forming  an  image.  Reference  numeral  401  A  denotes  a  position  at  the  beginning  of  scan- 
ning,  401  B  scanning  next  to  401  A,  and  402  a  single  specified  pixel.  The  number  prefixed  by  a  mark  #  at  the 
recording  head  represents  each  of  128  orifices.  In  the  above  structure,  the  density  level  of  a  single  specified 
pixel  (x,y)  402  is  expressed  by  one  or  two  ejection  or  by  non-ejection  from  each  of  orifice  numbered  #74  and 

35  #10  during  twice  scanning  401A  and  401B  of  the  recording  head  401.  For  example,  when  both  of  two  orifices 
do  not  eject,  the  density  level  of  the  specified  pixel  (x,y)  402  is  minimum,  when  the  two  orifices  each  ejects 
twice,  that  is  maximum.  In  addition,  the  medium  density  level  between  the  maximum  level  and  the  minimum 
level  is,  of  course,  formed  by  the  combination  of  the  absence  or  presence  of  ejection  from  each  orifice.  This 
embodiment  also  relates  to  the  same  five-level  pixel  forming  method  as  each  embodiment  described  above, 

40  in  which  the  numbers  0  to  4  of  ejection  can  be  obtained  by  the  sum  total  of  the  two-level  halftoning  processing 
such  as  the  dither  method,  the  error  diffusion  method  like  the  above  embodiment  2,  and  stored  in  the  nozzle 
memories.  These  values  (driving  data)  is  read  out  every  scanning,  thus  the  pixel  can  be  formed. 

Now,  the  ejecting  timing  to  the  pixel  402  of  the  orifices  #74  and  #10  during  each  of  scanning  401  A  and 
401  B  of  the  recording  head  401,  is  obtained  by  pulses  of  an  encoder,  etc.  indicative  of  the  relationship  of  the 

45  position  between  the  recording  head  and  the  medium  to  be  recorded,  in  which  resolution  is  set  such  that  it  may 
be  possible  to  eject  at  least  twice  to  a  single  pixel.  The  medium  to  be  recorded  of  which  volume  corresponding 
to  128/2=64  orifices  in  a  sub-scanning  direction  is  transferred  to  the  recording  head  between  scanning  410A 
and  401  B.  In  other  words,  the  images  corresponding  to  128  orifices  are  recorded  by  twice  scanning  of  the  re- 
cording  head. 

so  Referring  next  to  Fig.  16,  there  will  be  explained  embodiment  2A  of  the  present  invention  using  a  scanning 
method  shown  in  Fig.  15.  In  Fig.  16,  nozzle  memories  512  and  513  each  is  a  line  memory  with  2  bits,  which 
correspond  to  a  line  of  pixels.  The  nozzle  memory  512  corresponds  to  ejection  from  the  orifice  #74,  and  the 
nozzle  memory  513  to  ejection  from  the  orifice  #10.  Thus  the  memory  is  selected  by  the  value  of  the  counter 
120  like  embodiment  2.  For  example,  if  the  value  of  the  counter  120  is  odd  number,  the  nozzle  memory  512 

55  can  be  selected,  and  if  that  is  even  number,  the  nozzle  memory  513  can  be  selected.  A  reference  numeral  508 
denotes  an  adder,  which  adds  the  value  from  the  comparator  1  04  to  the  value  already  stored  in  the  nozzle  mem- 
ory  512,  and  stores  it  again  in  the  nozzle  memory  512.  A  reference  numeral  509  also  denotes  an  adder,  which 
adds  the  value  from  the  comparator  104  to  the  value  already  stored  in  the  nozzle  memory  513,  and  stores  it 
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again  in  the  nozzle  memory  513.  In  the  present  embodiment,  when  object  of  the  processing  changes  to  another 
pixel,  the  nozzle  memory  corresponding  to  a  first  pixel  is  reset  to  zero.  Further,  the  five-level  pseudo-halftoning 
processing  method  is  the  same  as  the  method  described  in  embodiment  2,  in  which  the  two-level  halftoning 
processing  is  performed  four  times.  The  orifice  and  the  number  of  scanning  corresponding  to  each  pseudo- 

5  pixel  are  as  follows.  That  is,  the  driving  data  of  the  pseudo-pixel  (x1,y1)  shown  in  Fig.  13A  is  used  by  the  orifice 
#74  during  the  scanning  41  OA,  that  of  the  pseudo-pixel  (x2,y2)  is  used  by  the  orifice  #10  during  the  scanning 
41  OB,  that  of  the  pseudo-pixel  (x3,y3)  is  used  by  the  orifice  #74  during  the  scanning  41  OA,  and  that  of  the  pseu- 
do-pixel  (x4,y4)  is  formed  by  the  orifice  #10  during  the  scanning  41  OB. 

There  will  be  explained  hereinafter  how  each  pseudo-pixel  and  its  corresponding  orifices  to  be  used  is  de- 
10  termined  in  the  above  structure.  At  the  beginning,  when  the  processing  of  the  specified  pixel  (x,y)  is  started, 

the  input  data  l(x,y)  of  the  specified  pixel  are  transferred  from  the  input  101  to  the  adder  102.  At  this  time,  the 
value  of  the  counter  120  is  3,  which  points  the  nozzle  memory  512.  In  the  adder  102,  I'(x1,y1)  is  obtained  by 
adding  l(x,y)  to  data  from  the  error  memory  1  0  storing  errors  from  the  pseudo-pixels  in  which  the  two-level  half- 
toning  processing  has  already  been  performed.  While,  mean  density  is  calculated  by  the  multiplying  and  adding 

15  circuit  126  in  the  same  manner  as  embodiment  2.  The  comparator  104  compares  an  output  of  the  multiplying 
and  adding  circuit  126  with  the  output  data  I'(x1,y1)  of  the  adder  102,  and  outputs  "0"  or  "1".  At  this  time,  the 
value  of  the  counter  120  equals  to  3,  and  thus  points  the  nozzle  memory  512.  According,  the  output  of  the  com- 
parator  104  is  stored  in  the  nozzle  memory  512  through  an  adder  508.  In  the  beginning,  value  "0"  is  stored  in 
the  memories  512  and  513,  and,  hence  the  value  from  the  comparator  104  is  stored  as  it  is.  At  the  same  time, 

20  the  output  I'(x1  ,y1)  of  the  adder  102  and  a  value  0  or  255  are  compared  by  the  subtractor  106,  and  the  difference 
is  transferred  to  the  error  distributor  1  08,  which  distributes  the  difference  or  error  at  a  predetermined  ratio,  and 
cause  them  to  store  in  memories  of  the  error  memory  110  corresponding  to  the  pseudo-pixel  (x2,y2)  and  the 
pseudo-pixel  ((x+1)1,  y1).  Values  of  these  memories  can  be  used  when  object  of  the  pseudo-halftoning  proc- 
essing  changes  to  the  concerned  pixel.  Next,  the  counter  is  counted  down  by  1,  of  which  the  value  becomes 

25  2,  thus  points  the  memory  513.  Next,  data  l(x,y)  of  the  specified  pixel  (x,y)  is  outputted  from  the  input  101.  Then, 
the  processing  of  the  next  specified  pseudo-pixel  (x2,y2)  of  the  specified  pixel  (x,y)  is  started,  a  series  of  the 
above  two-level  halftoning  processing  are  repeated,  and  the  result  is  stored  in  the  nozzle  memory  513  through 
an  adder  509.  Just  after  the  series  of  two-level  halftoning  processing  is  performed,  the  counter  120  is  counted 
down  by  1  again,  and  then  points  the  memory  512.  The  same  processing  as  that  of  the  pseudo-pixel  (x1  ,y1) 

30  is  repeated  in  the  specified  pseudo-pixel  (x3,y3).  The  value  stored  in  the  nozzle  memory  512  according  to  the 
result  of  the  two-level  halftoning  processing  and  the  result  of  this  processing  of  the  pseudo-pixel  (x3,y3)  is  add- 
ed  by  the  adder  508,  producing  a  final  value  of  the  nozzle  memory  512.  Similarly  to  the  pseudo-pixel  (x4,y4), 
the  results  of  the  pseudo-pixel  (x2,y2)  and  the  pseudo-pixel  (x4,y4)  are  added  by  the  adder  509,  producing  a 
final  value  of  the  nozzle  memory  513.  The  series  of  the"above  processing  is  repeated  until  the  counter  is  count- 

35  ed  down  to  zero.  The  two-level  halftoning  processing  of  each  pseudo-pixel  is  performed  four  times  to  the  spe- 
cified  pixel  (x,y),  and  any  one  of  values  of  0,  1  or  2  is  stored  to  each  of  the  memories  512,  513. 

Referring  to  Fig.  1  7,  there  will  be  explained  how  orifices  to  be  used  is  assigned  with  respect  to  actual  pixel 
line.  Fig.  17  is  a  schematic  illustration  similar  to  Fig.  14  of  the  embodiment  2. 

Fig.  17  shows  a  part  of  a  pixel  line  in  a  direction  of  scanning,  in  which  the  pixel  line  is  composed  of  a  plurality 
40  of  pixels  formed  by  each  of  orifices  #74  and  #1  0  during  respective  scanning  401  A  and  401  B.  When,  for  example, 

the  processing  of  the  pixel  601  in  the  above  pixel  line  starts,  two-level  halftoning  processing  is  performed  to  a 
first  pseudo-pixel  of  the  pixel  601.  A  threshold  value  for  two-level  processing  can  be  determined  by  using  a 
weighting  mask  and  values  of  surrounding  pixels  of  the  pseudo-pixel,  in  which  the  two-level  halftoning  proc- 
essings  have  already  been  performed.  Next,  errors  from  the  surrounding  pixels  are  added  to  original  data  of  a 

45  pixel  601  ,  and  this  addition  is  compared  with  the  threshold  value.  Because  the  input  data  which  is  added  an 
error  is  larger  than  the  threshold  value  in  this  first  pseudo-pixel,  the  result  of  comparison  may  become  "1".  And 
then  the  processing  of  the  next  pseudo-pixel  of  the  pixel  601  is  started,  two-level  halftoning  processing  is  per- 
formed  in  a  similar  manner.  The  result  of  the  second  pseudo-pixel  becomes  "0".  In  a  similar  manner,  the  two- 
level  halftoning  processing  is  performed  also  to  the  others  or  two  pseudo-pixels,  of  which  the  results  is  stored 

so  in  the  nozzle  memories  512  and  513.  Thus  the  pixel  601  is  formed  bY  one  ejection  from  the  nozzle  #74  during 
the  scanning  401A.  After  the  pixel  601  was  processed,  the  processing  of  pixel  602  is  started,  in  which  two- 
level  halftoning  processing  is  performed  to  each  of  pseudo-pixels  in  a  manner  similar  to  that  of  the  pixel  601  . 
In  the  pixel  602,  the  value  of  the  processing  of  a  first  pseudo-pixel  is  "1",  that  of  the  others  is  "0".  Thus,  the 
pixel  602  is  formed  by  a  single  ejection  from  the  orifice  #74  during  the  scanning  401  A.  As  described  above, 

55  the  two-level  halftoning  processing  is  performed  to  each  of  the  pseudo-pixels,  that  is,  of  which  processing  may 
be  performed  four  times  to  each  pixel,  as  a  result,  the  scanning  and  orifices  to  be  used  for  forming  a  pixel  are 
determined.  As  to  other  pixels,  for  example,  the  number  of  ejection  in  the  pixel  604  is  1  and  the  value  of  proc- 
essing  of  a  first  pseudo-pixel  is  "1  ",  thus  the  pixel  is  formed  by  one  ejection  from  the  orifice  #74  during  the  scan- 
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ning  401  A.  The  number  of  ejection  in  the  pixel  605  is  2  and  the  values  of  processing  of  the  first  pseudo-pixel 
and  the  second  one  are  "1  ",  thus  the  pixel  is  formed  by  both  one  ejection  from  the  orifice  #74  during  the  scanning 
401  A  and  one  ejection  from  the  orifice  #10  during  the  scanning  401  B.  Further,  the  number  of  ejection  in  the 
pixel  604  is  3  and  the  values  of  processing  of  the  first,  the  second  and  the  third  pseudo-pixels  is  "1",  thus  the 

5  pixel  is  formed  by  both  twice  ejection  from  the  orifice  #74  during  the  scanning  401  A  and  one  ejection  from  the 
orifice  #10  during  the  scanning  401  B. 

Embodiment  2B 

10  Fig.  18  is  a  schematic  illustration  illustrating  embodiment  2B  of  the  preset  invention,  in  which  Aand  B  denote 
how  to  device  the  specified  pixel  (x,y)  into  pseudo-pixels,  and  C  denotes  a  pixel  dividing  method  shown  in  em- 
bodiment  2  and  2A  described  above.  In  Fig.  18,  a  reference  numeral  701  denotes  a  specified  pixel  (x,y)  to  be 
processed,  702,  703,  704  and  705  are  pseudo-pixels  made  by  dividing  the  specified  pixel  into  four  pixels.  In 
these  embodiments,  two-level  halftoning  processing  is  performed  in  a  manner  similar  to  embodiment  2  and  2A. 

15  In  particular,  if  it  is  possible  to  divide  as  B  in  Fig.  18,  there  is  an  advantage  that  the  pseudo-halftoning  processing 
such  as  the  dither  method  can  be  performed  in  the  same  way  with  the  two-level  halftoning  processing.  In  the 
above  pixel  dividing  method,  with  regards  to  which  nozzle  memories  is  assigned  to  each  of  the  pseudo-pixels, 
that  is,  which  orifices  give  ejection  composing  the  pixel,  it  is  possible  to  simplify  in  accordance  with  its  hardware. 

20  Embodiment  2C 

Fig.  19  is  a  block  diagram  showing  the  structure  of  image  data  processing  according  to  embodiment  2C 
of  the  present  invention.  In  Fig.  19,  a  reference  numeral  130  denotes  a  pointer  having  such  the  structure  that 
points  any  one  of  the  nozzle  memories  1  to  4.  More  concretely,  the  pointer  1  30  points  in  order  the  nozzle  mem- 

25  ories  1  to  4,  and  it  points  the  nozzle  memory  1  after  the  nozzle  memory  4.  The  pointer  130  changes  in  order 
the  memories  to  point  in  response  to  output  of  the  comparator  1  04.  In  other  words,  when  the  output  of  the  com- 
parator  104  equals  to  "1",  the  nozzle  memory  number  of  the  memory  to  be  pointed  is  incremented  by  1,  and 
when  the  output  equals  to  "0",  that  number  is  not  changed.  Because,  by  the  structure  described  hereinbefore, 
the  nozzle  memories  can  be  selected  in  order  independent  of  the  pseudo-pixel  to  be  processed,  only  specific 

30  orifices  to  record  an  image  as  shown  in  Figs.  14  and  17  can  be  prevented  from  being  used. 
Alternatively,  the  nozzle  memory  pointed  by  the  pointer  130  may  be  selected  by  a  signal  from  a  random 

signal  generator  1315  as  shown  in  Fig.  20.  According  to  this  structure,  it  is  possible  to  select  at  random  the 
nozzle  memory  in  the  course  of  processing  of  the  pseudo-pixel.  As  a  similar  structure,  the  nozzle  memory  point- 
ed  at  the  beginning  of  processing  of  the  specified  pixel  can  be  selected  in  accordance  with  a  pixel  position  signal 

35  from  a  pixel  position  signal  generator  1415  as  shown  in  Fig.  21. 
Figs.  22,  23  and  24  are  schematic  illustration  illustrating  assignment  of  scanning  and  orifices  to  each  pixel 

in  the  structure  shown  in  Figs.  19,  20  and  21,  respectively.  As  seen  in  these  drawings,  the  orifices  to  be  used 
can  be  distributed  so  that  only  specific  orifices  can  be  prevented  from  being  used. 

It  should  be  appreciated  that,  when  making  the  power  of  the  apparatus,  when  recording  to  a  new  recording 
40  sheet,  and  when  scanning  of  the  recording  head  starts,  the  pointer  130  may  be  maintained  to  reset.  That  is,  it 

may  point  the  nozzle  memory  1  ,  or,  only  at  that  time,  the  nozzle  memory  may  be  selected  at  random  by  a  signal 
from  the  random  signal  generator  1315,  or  the  nozzle  memory  may  be  selected  in  response  to  an  address  of 
the  pixel  from  the  pixel  position  signal  generator  1415  shown  in  Fig.  21.  Same  effects  can  be  obtained  by  these 
selection. 

45  In  case  that  an  orifice  of  non-ejection  (malfunction)  or  an  orifice  which  ejects  ink  droplets  to  a  recording 
paper  in  different  directions  is  known  in  advance,  the  corresponding  number  of  the  pointer  can  be  skipped,  and 
alternative  orifice  can  be  used. 

Further,  in  the  case  that  the  two-level  halftoning  processing  is  performed  to  each  pseudo-pixel  ,  the  error 
distribution  equals  to  each  pseudo-pixel  in  the  above  embodiments.  However,  it  should  be  appreciated  that 

so  any  distribution  method  can  be  used  so  long  as  the  density  level  of  image  is  maintained  as  a  whole.  Accordingly, 
it  is  possible  to  change  the  error  distribution  ratio  to  each  pseudo-pixel. 

Further,  although  the  halftoning  reproducing  method  in  the  embodiments  described  above  is  explained  by 
the  error  diffusion  method  of  the  dither  method,  mean  error  minimum  method,  pixel  distribution  method  in  mesh- 
es,  multi-stage  division  quantization  method,  MECCA  method,  CAPIX  method,  etc.  can  be  applied  to  the  pres- 

55  ent  invention. 
In  addition,  in  the  above  embodiments,  the  pixel  was  formed  with  four  liquid  droplets,  however  the  pixel 

can  be  formed  also  by  using  any  number  of  orifices  more  than  two.  Moreover,  the  application  of  the  present 
invention  is  not  limited  to  an  ink  jet  recording  apparatus,  and  is  applicable  to  a  dot  type  of  printer  as  a  thermal 
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printer. 
Further,  in  the  above  embodiments,  the  number  of  orifices  to  one  picture  is  2n,  however,  four-level  proc- 

essing  by  three  orifices  and  six-level  processing  by  five  orifices  are  easily  obtained  by  using  many  kinds  of  com- 
parators  and  threshold  values. 

5  The  present  invention  achieves  distinct  effect  when  applied  to  a  recording  head  or  a  recording  apparatus 
which  has  means  for  generating  thermal  energy  such  as  electrothermal  transducers  or  laser  light,  and  which 
causes  changes  in  ink  by  the  thermal  energy  so  as  to  eject  ink.  This  is  because  such  a  system  can  achieve  a 
high  density  and  high  resolution  recording. 

A  typical  structure  and  operational  principle  thereof  is  disclosed  in  U.S.  patent  Nos.  4,723,129  and 
10  4,740,796,  and  it  is  preferable  to  use  this  basic  principle  to  implement  such  a  system.  Although  this  system 

can  be  applied  either  to  on-demand  type  or  continuous  type  ink  jet  recording  systems,  it  is  particularly  suitable 
for  the  on-demand  type  apparatus.  This  is  because  the  on-demand  type  apparatus  has  electrothermal  trans- 
ducers,  each  disposed  on  a  sheet  or  liquid  passage  that  retains  liquid  (ink),  and  operates  as  follows:  first,  one 
or  more  drive  signals  are  applied  to  the  electrothermal  transducers  to  cause  thermal  energy  corresponding  to 

15  recording  information;  second,  the  thermal  energy  induces  sudden  temperature  rise  that  exceeds  the  nucleate 
boiling  so  as  to  cause  the  film  boiling  on  heating  portions  of  the  recording  head;  and  third,  bubbles  are  grown 
in  the  liquid  (ink)  corresponding  to  the  drive  signals.  By  using  the  growth  and  collapse  of  the  bubbles,  the  ink 
is  expelled  from  at  least  one  of  the  ink  ejection  orifices  of  the  head  to  form  one  or  more  ink  drops.  The  drive 
signal  in  the  form  of  a  pulse  is  preferable  because  the  growth  and  collapse  of  the  bubbles  can  be  achieved 

20  instantaneously  and  suitably  by  this  form  of  drive  signal.  As  a  drive  signal  in  the  form  of  a  pulse,  those  described 
in  U.S.  patent  Nos.  4,463,359  and  4,345,262  are  preferable.  In  addition,  it  is  preferable  that  the  rate  of  temper- 
ature  rise  of  the  heating  portions  described  in  U.S.  patent  No.  4,313,124  be  adopted  to  achieve  better  recording. 

U.S.  patent  Nos.  4,558,333  and  4,459,600  disclose  the  following  structure  of  a  recording  head,  which  is 
incorporated  to  the  present  invention:  this  structure  includes  heating  portions  disposed  on  bent  portions  in  ad- 

25  dition  to  a  combination  of  the  ejection  orifices,  liquid  passages  and  the  electrothermal  transducers  disclosed 
in  the  above  patents.  Moreover,  the  present  invention  can  be  applied  to  structures  disclosed  in  Japanese  Patent 
Application  Laying-open  Nos.  123670/1984  and  138461/1984  in  order  to  achieve  similar  effects.  The  former 
discloses  a  structure  in  which  a  slit  common  to  all  the  electrothermal  transducers  is  used  as  ejection  orifices 
of  the  electrothermal  transducers,  and  the  latter  discloses  a  structure  in  which  openings  for  absorbing  pressure 

30  waves  caused  by  thermal  energy  are  formed  corresponding  to  the  ejection  orifices.  Thus,  irrespective  of  the 
type  of  the  recording  head,  the  present  invention  can  achieve  recording  positively  and  effectively. 

In  addition,  the  present  invention  can  be  applied  to  various  serial  type  recording  heads:  a  recording  head 
fixed  to  the  main  assembly  of  a  recording  apparatus;  a  conveniently  replaceable  chip  type  recording  head 
which,  when  loaded  on  the  main  assembly  of  a  recording  apparatus,  is  electrically  connected  to  the  main  as- 

35  sembly,  and  is  supplied  with  ink  therefrom;  and  a  cartridge  type  recording  head  integrally  including  an  ink  re- 
servoir. 

It  is  further  preferable  to  add  a  recovery  system,  or  a  preliminary  auxiliary  system  for  a  recording  head  as 
a  constituent  of  the  recording  apparatus  because  they  serve  to  make  the  effect  of  the  present  invention  more 
reliable.  As  examples  of  the  recovery  system,  are  a  capping  means  and  a  cleaning  means  for  the  recording 

40  head,  and  a  pressure  or  suction  means  for  the  recording  head.  As  examples  of  the  preliminary  auxiliary  system, 
are  a  preliminary  heating  means  utilizing  electrothermal  transducers  or  a  combination  of  other  heater  elements 
and  the  electrothermal  transducers,  and  a  means  for  carrying  out  preliminary  ejection  of  ink  independently  of 
the  ejection  for  recording.  These  systems  are  effective  for  reliable  recording. 

The  number  and  type  of  recording  heads  to  be  mounted  on  a  recording  apparatus  can  be  also  changed. 
45  For  example,  only  one  recording  head  corresponding  to  a  single  color  ink,  or  a  plurality  of  recording  heads  cor- 

responding  to  a  plurality  of  inks  different  in  color  or  concentration  can  be  used.  In  other  words,  the  present  in- 
vention  can  be  effectively  applied  to  an  apparatus  having  at  least  one  of  the  monochromatic,  multi-color  and 
full-color  modes.  Here,  the  monochromatic  mode  performs  recording  by  using  only  one  major  color  such  as 
black.  The  multi-color  mode  carries  out  recording  by  using  different  color  inks,  and  the  full-color  mode  performs 

so  recording  by  color  mixing. 
Furthermore,  although  the  above-described  embodiments  use  liquid  ink,  inks  that  are  liquid  when  the  re- 

cording  signal  is  applied  can  be  used:  for  example,  inks  can  be  employed  that  solidify  at  a  temperature  lower 
than  the  room  temperature  and  are  softened  or  liquefied  in  the  room  temperature.  This  is  because  in  the  ink 
jet  system,  the  ink  is  generally  temperature  adjusted  in  a  range  of  30°C  -  70°C  so  that  the  viscosity  of  the  ink 

55  is  maintained  at  such  a  value  that  the  ink  can  be  ejected  reliably. 
In  addition,  the  present  invention  can  be  applied  to  such  apparatus  where  the  ink  is  liquefied  just  before 

the  ejection  by  the  thermal  energy  as  follows  so  that  the  ink  is  expelled  from  the  orifices  in  the  liquid  state,  and 
then  begins  to  solidify  on  hitting  the  recording  medium,  thereby  preventing  the  ink  evaporation:  the  ink  is  trans- 
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formed  from  solid  to  liquid  state  by  positively  utilizing  the  thermal  energy  which  would  otherwise  cause  the  tem- 
perature  rise;  or  the  ink,  which  is  dry  when  left  in  air,  is  liquefied  in  response  to  the  thermal  energy  of  the  re- 
cording  signal.  In  such  cases,  the  ink  may  be  retained  in  recesses  or  through  holes  formed  in  a  porous  sheet 
as  liquid  or  solid  substances  so  that  the  ink  faces  the  electrothermal  transducers  as  described  in  Japanese 

5  Patent  Application  Laying-open  Nos.  56847/1979  or  71260/1985.  The  present  invention  is  most  effective  when 
it  uses  the  film  boiling  phenomenon  to  expel  the  ink. 

Furthermore,  the  ink  jet  recording  apparatus  of  the  present  invention  can  be  employed  not  only  as  an  image 
output  terminal  of  an  information  processing  device  such  as  a  computer,  but  also  as  an  output  device  of  a  copy- 
ing  machine  including  a  reader,  as  an  output  device  of  a  facsimile  apparatus  having  a  transmission  and  receiv- 

10  ing  function,  and  as  an  output  device  of  an  optical  disc  apparatus  for  recording  and/or  reproducing  information 
into  and/or  from  an  optical  disc. 

The  present  invention  has  been  described  in  detail  with  respect  to  preferred  embodiments,  and  it  will  now 
be  apparent  from  the  foregoing  to  those  skilled  in  the  art  that  changes  and  modifications  may  be  made  without 
departing  from  the  invention  in  its  broader  aspects,  and  it  is  the  intention,  therefore,  in  the  appended  claims  to 

15  cover  all  such  changes  and  modifications  as  fall  within  the  true  spirit  of  the  invention. 

Claims 

20  1  .  A  recording  apparatus  for  recording  an  image  with  a  set  of  pixels  composed  of  a  dot  formed  to  a  recording 
medium,  characterized  by  comprising: 

a  recording  head  having  a  plurality  of  recording  elements; 
a  driving  means  for  driving  the  plurality  of  recording  elements  of  said  recording  head  in  accordance 

with  driving  data  so  as  to  form  the  dots;  and 
25  an  n-level  halftoning  processing  means  (n-1  =  the  number  of  said  driving  data  for  forming  the  dots 

composing  the  pixel)  for  converting  an  input  image  data  into  the  driving  data  of  each  of  said  pixels  in  such 
a  manner  that  a  two-level  halftoning  processing  of  said  input  image  data  is  performed  (n-1)  times,  and  the 
each  result  of  said  (n-l)times  two-level  halftoning  processings  is  assigned  as  said  driving  data  to  one  of 
said  plurality  of  recording  elements  by  each  of  said  (n-1)  times  two-level  halftoning  processings. 

30 
2.  A  recording  apparatus  as  claimed  in  claim  1,  characterized  in  that  said  two-level  halftoning  processing  is 

performed  in  corresponding  with  each  of  (n-1)  recording  elements  used  for  forming  the  dots  composing 
said  pixels. 

35  3.  A  recording  apparatus  as  claimed  in  claim  1,  characterized  in  that  said  two-level  halftoning  processing  is 
performed  in  correspondence  with  each  of  (n-1)  dots  composing  said  pixels. 

4.  A  recording  apparatus  as  claimed  in  claim  1,  characterized  in  that  said  two-level  halftoning  processing  is 
performed  in  correspondence  with  each  of  pseudo-pixels  made  by  dividing  said  pixel  into  (n-1)  pixels. 

40  5.  A  recording  apparatus  as  claimed  in  claim  4,  characterized  in  that  an  error  produced  by  said  two-level  half- 
toning  processing  is  distributed  to  other  pseudo-pixels. 

6.  A  recording  apparatus  as  claimed  in  claim  2,  characterized  in  that  said  pixel  is  composed  of  the  plurality 
of  dots,  and  each  of  said  plurality  of  dots  is  formed  by  different  recording  element  during  respective  scan- 

ts  ning  of  said  recording  head. 

7.  A  recording  apparatus  as  claimed  in  claim  6,  characterized  in  that  said  recording  element  of  said  recording 
head  includes  an  orifice  for  ejecting  ink,  and  means  for  generating  heat  energy  utilized  for  ejection  of  ink 
from  said  orifice,  whereby  a  bubble  is  generated  by  said  heat  energy,  the  ink  is  ejected  from  said  orifice 

so  according  to  the  generation  of  said  bubble,  and  said  dots  are  formed  by  the  ejected  ink. 

8.  A  recording  apparatus  as  claimed  in  claim  6,  characterized  in  that  the  recording  elements  to  which  the 
result  of  said  two-level  halftoning  processing  is  assigned  are  sequentially  selected. 

55  9.  A  recording  apparatus  as  claimed  in  claim  6,  characterized  in  that  the  recording  elements  to  which  the 
result  of  said  two-level  halftoning  processing  is  assigned  are  selected  at  random. 

10.  A  recording  apparatus  as  claimed  in  claim  6,  characterized  in  that  the  recording  elements  to  which  the 
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result  of  said  two-level  halftoning  processing  is  assigned  are  selected  according  to  a  position  of  said  pixel 
on  the  image. 

11.  A  recording  apparatus  as  claimed  in  claim  5,  characterized  in  that  said  pixel  is  composed  of  the  plurality 
of  dots,  and  each  of  said  plurality  of  dots  is  formed  by  different  recording  element  during  respective  scan- 
ning  of  said  recording  head. 

12.  A  recording  apparatus  as  claimed  in  claim  11,  characterized  in  that  said  recording  elements  of  said  re- 
cording  head  includes  an  orifice  for  ejecting  ink,  and  means  for  generating  heat  energy  utilized  for  ejection 
of  ink  from  said  orifice,  whereby  a  bubble  is  generated  by  said  heat  energy,  the  ink  is  ejected  from  said 
orifice  according  to  the  generation  of  said  bubble,  and  said  dots  are  formed  by  the  ejected  ink. 

13.  A  recording  apparatus  as  claimed  in  claim  11,  characterized  in  that  the  recording  elements  to  which  the 
result  of  said  two-level  halftoning  processing  is  assigned  are  sequentially  selected. 

14.  A  recording  apparatus  as  claimed  in  claim  11,  characterized  in  that  the  recording  elements  to  which  the 
result  of  said  two-level  halftoning  processing  is  assigned  are  selected  at  random. 

15.  A  recording  apparatus  as  claimed  in  claim  11,  characterized  in  that  the  recording  elements  to  which  the 
result  of  said  two-level  halftoning  processing  is  assigned  are  selected  according  to  a  position  of  said  pixel 
on  the  image. 

16.  A  method  of  forming  driving  data  for  a  recording  apparatus  which  uses  a  recording  head  having  a  plurality 
of  recording  elements  and  in  which  the  recording  elements  is  driven  according  to  said  driving  data  to  form 
dots  to  a  recording  medium  so  that  an  image  is  recorded  with  a  set  of  pixels  composed  of  said  dots,  said 
method  characterized  by  comprising  the  steps  of: 

performing  a  two-level  halftoning  processing  of  an  input  image  data,  a  result  of  said  two-level  half- 
toning  processing  being  assigned  as  said  driving  data  to  one  of  said  plurality  of  recording  elements  by 
said  two-level  halftoning  processing;  and 

repeating  said  two-level  halftoning  processing  (n-1)  times  (n-1  =  the  number  of  said  driving  data 
for  forming  the  dots  composing  the  pixel)  so  that  n-level  halftoning  processing  is  performed  and  said  input 
image  data  is  converted  into  the  driving  data  of  each  of  said  pixels. 

17.  A  method  of  forming  driving  data  as  claimed  in  claim  16,  characterized  in  that  said  two-level  halftoning 
processing  is  performed  in  corresponding  with  each  of  (n-1)  recording  elements  used  for  forming  the  dots 
composing  said  pixels. 

18.  A  method  of  forming  driving  data  as  claimed  in  claim  16,  characterized  in  that  said  two-level  halftoning 
processing  is  performed  in  correspondence  with  each  of  (n-1)  dots  composing  said  pixels. 

19.  A  method  of  forming  driving  data  as  claimed  in  claim  16,  characterized  in  that  said  two-level  halftoning 
processing  is  performed  in  correspondence  with  each  of  pseudo-pixels  made  by  dividing  said  pixel  into 
(n-1)  pixels. 

20.  A  method  of  forming  driving  data  as  claimed  in  claim  19,  characterized  in  that  an  error  produced  by  said 
two-level  halftoning  processing  is  distributed  to  other  pseudo-pixels. 

21.  A  method  of  forming  driving  data  as  claimed  in  claim  17,  characterized  in  that  said  pixel  is  composed  of 
the  plurality  of  dots,  and  each  of  said  plurality  of  dots  is  formed  by  different  recording  element  during  re- 
spective  scanning  of  said  recording  head. 

22.  A  method  of  forming  driving  data  as  claimed  in  claim  21,  characterized  in  that  said  recording  element  of 
said  recording  head  includes  an  orifice  for  ejecting  ink,  and  means  for  generating  heat  energy  utilized  for 
ejection  of  ink  from  said  orifice,  whereby  a  bubble  is  generated  by  said  heat  energy,  the  ink  is  ejected  from 
said  orifice  according  to  the  generation  of  said  bubble,  and  said  dots  are  formed  by  the  ejected  ink. 

23.  A  method  of  forming  driving  data  as  claimed  in  claim  21,  characterized  in  that  the  recording  elements  to 
which  the  result  of  said  two-level  halftoning  processing  is  assigned  are  sequentially  selected. 

24.  A  method  of  forming  driving  data  as  claimed  in  claim  21,  characterized  in  that  the  recording  elements  to 
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which  the  result  of  said  two-level  halftoning  processing  is  assigned  are  selected  at  random. 

25.  A  method  of  forming  driving  data  as  claimed  in  claim  21,  characterized  in  that  the  recording  elements  to 
which  the  result  of  said  two-level  halftoning  processing  is  assigned  are  selected  according  to  a  position 
of  said  pixel. 

26.  A  method  of  forming  driving  data  as  claimed  in  claim  20,  characterized  in  that  said  pixel  is  composed  of 
the  plurality  of  dots,  and  each  of  said  plurality  of  dots  is  formed  by  different  recording  element  during  re- 
spective  scanning  of  said  recording  head. 

27.  A  method  of  forming  driving  data  as  claimed  in  claim  26,  characterized  in  that  said  recording  element  of 
said  recording  head  includes  an  orifice  for  ejecting  ink,  and  means  for  generating  heat  energy  utilized  for 
ejection  of  ink  from  said  orifice,  whereby  a  bubble  is  generated  by  said  heat  energy,  the  ink  is  ejected  from 
said  orifice  according  to  the  generation  of  said  bubble,  and  said  dots  are  formed  by  the  ejected  ink. 

28.  A  method  of  forming  driving  data  as  claimed  in  claim  26,  characterized  in  that  the  recording  elements  to 
which  the  result  of  said  two-level  halftoning  processing  is  assigned  are  sequentially  selected. 

29.  A  method  of  forming  driving  data  as  claimed  in  claim  26,  characterized  in  that  the  recording  elements  to 
which  the  result  of  said  two-level  halftoning  processing  is  assigned  are  selected  at  random. 

30.  A  method  of  forming  driving  data  as  claimed  in  claim  26,  characterized  in  that  the  recording  elements  to 
which  the  result  of  said  two-level  halftoning  processing  is  assigned  are  selected  according  to  a  position 
of  said  pixel  on  the  image. 

31.  Ink  jet  printing  apparatus  or  method  comprising  forming  plurality  of  gray  scale  image  elements  each  by 
printing  a  plurality  of  ink  dots,  the  ink  dots  being  produced  by  error  diffusion  or  half  tone  processing. 

32.  A  method  orapparatus  according  to  claim  31  in  which  said  halftone  processing  is  performed  as  a  sequence 
of  repeated  processing  steps,  each  dot  thereby  being  derived  in  dependence  upon  the  derivation  of  the 
previous  dot  for  each  picture  element. 
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